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In the present edition, additional matter dealing 
with recent water epidemics and with sand filtration 
has been included and I have had the advantage of 
having the proof sheets read by my friend Mr. H. 
Howard Humphreys, A.M.I.C.E., who has given me 
some aseful suggestions. Several alterations in the 
body of the book have been made in order to bring 
the subject up to date, and to correct a few errors 
which crept into the first edition. Chapter I. has 
been almost entirely re- writ ten. 
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PREFACE, 



Tire purity of water supplies han ftlwnya been & 
subject of importnnce, and every year it receives more 
and more attention. Not only in London — where the 
present public supply ims been recently discussed liy 
a Royal Commission and by varioiia other bodies — 
but also in several provincial town», the desirability 
of a public supply of greater purity and laiRer 
qnaality is now under consideration ; wliilu in the 
rural districts outbreaks of disease have now so fre- 
quently been traced directly to polluted welle, that 
it can safely be eaid that at the present time the 
question nf universal pure drinking water is one of 
prhnary importance to at! classes of the community. 
The closing of polluted Willis, and decisions on new 
BUppUes, ore now, however, in the hands of the general 
paliUc, who, aitd tlieir elected representatives, tJius 
iiKiintud wilh the results o( the 
pff!^' i iil; thd last tew years in bac- 

li^e of the causation of disca.He. 

'*« refltcd in the subject of Water 

Dt to ap[>e»l, and it is hop4.-d 

i insight into the methods 
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of research and the interpretation of results will 
be attained. 

Eeports of the resulta of water analysis are too 
often regarded as being of too technical a nature 
to be practically useful ; whereas, on the contrary, 
such reports should at least indicate to the reader 
in what direction alterations, if necessary, in the 
present conditionB of supply should proceed. 

With this object in view, I have endeavoured to 
include in the scope of the book the more recent 
conclusions which have been arrived at by workers 
in different branches of the subject, and have as 
far as possible refrained from details. Wliilst it is 
necessary that the results of a chemical or bacterio- 
logical analysis of a sample of water should be 
intelligible to a non-professional reader, it need 
hardly be pointed out that it is impossible for any 
hut those who have been trained in the methods 
of analysis to arrive at results which are worthy 
of confidence. This little book will have achieved 
an important result it it tends to make more generally 
known the tact how valueless — and, moreover, how 
dangerous — it is to rely upon so-cnlled rouRh-and- 
ready tests fnr f 
of B. doiibUol vnX^ 

In pre 
of eeverttl II 
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CHAPTKB I. 

CHARACTERS OF NATURAL WATERS. 

The word "pnre," as applied to waler for human 

ise, bears a meaning different from the strict scientifio 

ense. Cbemicall; pure water is only to be obtained 

by laboratory processes and with great difficulty, and 

OB it dissolves and absorbs a varying quantity oE most 

I matters with which it comes in contact, its preserva- 

I tion in tlie pure state presents an equal difficulty. 

I Pot drinlfing, cleansing, and manufacturing purposes 

I it is not iieceesary, nor ia it always advisable, that it 

■ should be pure to tbiti extent; it is sufficient that it 

KBbould l>o as far as possible devoid of matters pre* 

ni^cial to health or to commercial objects. Such 

|-wnt4r iiaii in most inhabited countries been plentifully 

tfHWlwd by nature, and the first care must be to 

1 best, most constant, and copious of the 

r,|tndying the character ot the substiinces 

rand naturally admixed in more or 

U waters ; secondly, to secure that 
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a pond water shall be transmitted to the consumer 
witliout any diminution of its purity. 

The physical or "organoleptic" characters of a 
water are by no means a saEe guide as to ita whole- 
Bomeness. Brightness may he due to a filtration 
through porous soi! which is quite inadequate to 
remove danger, a sparkling quality to dissolved gases 
produced by decomposition of organic matter, and a 
piquant taste to nitrates and chlorides of animal 
origin. Yet water from shullow wells in towns has 
frequently been preferred by residents to a purer 
public supply, and considerable opposition has often 
been encountered to the closing of such sources. The 
London Broad Street pump ia a notable instance. 
During the cholera outbreak in 1854, this infected 
BOurce, bright and sparkling as it was, carried the 
disease to over one hundred cases, while others in the 
locality who made use of a different supply were not 
attacked. Jforeover, a la^ly who formerly lived in the 
district, through preference tor the brilliant character 
of the water, had it conveyed in bottles to her house 
at Hanjpstead for her own consumption, and an 
isolated outbreak occurred in her establishment with 
fatal results. Favourite drinking waters of this kind 
have often been directly traced to springs originating 
. Bolh by chemical and biological 
1 by the results in spreading disease, 
B pollution by decaying animal matters 
a demonstrated. Oji the other 
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hand, flat, insipid, and even cloudy wntera bave 
caused no injury in use, their faiills having been 
due to causes which had no liygienic importance. 
Physical characters, however, are of great vulue in 
conjunction with the suhsecjuent annlyticnl results. 
It is difficult to make them exactly coiniiarahle, and 
much work has been directed to estahlishing standnrdB 
and degrees of colour, transparency, odour, and taste. 

Tranhparency 
involves freedom from suspi'nded particles, and in 
a lesa degree absence of colour. The difference 
between the two effects can be obtained by exami- 
nation before and after careful filtralion, which 
removes the first, but little affects the second. 
Transparency or turbidity is measured by the length 
of column through ^vliich un object can bo seen when 
gradually lowered troiu the lop, and afterwards 
approached from the bottom, the mean being taken 
as the measurement. It is best ascertained on the 
spot in large bodies of water, as it is rarely in the 
laboratory that a sufBcient column of water is avail- 
able, and it is usually only requisite to record the 
sample as turbid, very turbid, nearly clear, or clear, 
On the large scale various methods have been em- 
ployed, by " diaphanometers." Secthi, in 1865, used 
in the Mediterranean a white disc, twenty centimetres 
in diameter; later, by the Geneva Commission, an 
incandescent light was lowered, noting the limits of 
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" clear vision " and of " diffused lijjht." This method 
would be specially adapted for wells, Tlie intensity 
of light at different depths was also measured by 
sensitised photographic plates, but in this way colour 
considerably interfered. To obtain obser^'ations with 
less quantities of hquid, Hazen, at Lawrence, Mass., 
attached a bright platinum wire, one millimetre in 
diameter, at right angles to the end of a graduated 
rod, recording the turbidity in degrees ; invisibility 
at one inch being taken as unity, other degrees were 
fractional, inversely as the depth at which the wire 
was obscured. If the turbidity was move than one, 
the sample was proportionally diluted ; if less than 
0'02 (50 in.), the turbidity was ascertained in another 
water, and this diluted to imitate the sample as 
nearly as iwssible. The jars or bottles were cased 
in blafk doth and ilhiminated from below {Filtration 
oj Wilier Siijij'Iini, by Allen Hanen, Wiley, NewJ 
York, 11100). Whipple and Jackson have introduced 
Gilica standards for tmlmlity, made by finely grind-J 
ing the silicious frustules of diatoms obtained froi]l>l 
certnin deposits, susjiending in water, and dilutingffl 
definitely. Tlioy seem to have many advantages oveif] 
olin or chuniical precipitates (Emj. Hcrurd, N.Y.„ 
27th, 1900). 

I which apjieur limpid to the eye may yet 
^ ftppreciable amount of solid matter in 
'lOeisting of substances and orgniiisms 
'At their presence can only be provedJ 
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by filtration. ConipiiriBon sliould alwajs be made \ 
with a pure water. 

CuLoun 
is observed by luoking at an illiuninated wliit« eurfnce 
through a two feet column of the water contained in a 
horizontal cylinder closed by glass plates; also with 
leas distinctness through a column in a vertical jar. 
For ordinary purposes a thin tumbler of the water 
tuny be set on a slieet of white pajwr in a good light. 
Pure water has naturally ft blue tint. A greenish 
tinge is communicated by algte, a brown by peaty 
and sometimes by animal matter, a rediiish by iron, 
while a yellowish lint points to the possible presence 
of urine. Various colours may be also communicated 
by manufactures. 

Many conventional standards have been proposed 
for obtaining figures of comparison between waters 
by means of coloured solntioiis on the same principle 
as Nesslerizing. Formerly, as the yellow and brown 
tints were considered the most important, the Nessler 
test alone was used, recording the result in amounts 
of ammonia required to produce the same colour. 
The method, however, had many faults. Crookes, 
Odling and Tidy, for the London reports, employed 
hollow glass wedges containiu>; solutions of copper 
sulphate, cobalt chloride, and ferric cliloride, sliding 
over one another in front of a circular hole. The 
figures were stated in millimetres thick of blue and 
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brown. Hazen employs standard mixtures of solu- 
tions of platinum and cobalt, the unit of colour being 
one of platinum in 10,000 of water {American 
Chemical Journal, xiv., 800). The London C!ounty 
(Council measure the colours in terms of red, blue and 
yellow, by comparing the sample with an equal 
column of distilled water, before which graduated 
coloured glasses are interposed in Lovibond's Tinto- 
meter. The types chosen are somewhat unnatural, 
but m a clear water deviation from the usual tints 
follows the lines of contamination indicated above. 

Taste, 

though often deceptive as to composition, is of great 
importance from the engineer*s and consumer's point 
of view. Some of the London official reports speak 
of an " evanescent smoky taste.'* This, though 
certainly possible in a smoky town, does not seem 

to be elsewhere recorded. But tastes and odours 

• 

due to algae and animal * growths in reservoirs and 
pipes have frequently occasioned serious trouble, as 
many of these organisms cause peculiarly unpleasant 
flavours, while earthy and vegetable or marshy ones 
are sometimes communicated by larger aquatic plants 
and mouldy tastes and smells by fungi (p. 284). 
Custom may render such waters comparatively in- 
nocuous, but nausea, diarrhoea, and other ill efifects 

• A " bitter and cucumber taste *' in the Boston (^lass.) water 
supply caused trouble in 1881 and ISUii. It was traced to the 
'^lokwoon Synuia (Whipple). 
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have been traced to their use. Waters astringent from 1 
tnnninoid substances, acid or alkaline from chemicals, 
brackit>h from sodium chloride, bitter from mftgnesium | 
salts, inky from ferrous compounds, or Ja some 
districts sulphuretted (KaS) or sulphurous {SOj}, 
are readily appreeinted by taste, and are obviously i 
onsuited for ordiniiry drinking. 

Odour 

is often a valuable indication. It may be earthy from 
clay, peaty from upland sources, marshy (there is a 
distinct difference) from rivers, swamps, and ponds, 
sulphuretted or even urinous from recwit sewage 
contamination. The odour is beat observed by halt 
filling a stoppered bottle (a cork is inadmissible, as 
by itself it imparts some otlour) with the water, 
warTning to blood heat (about 100° F.)> shaking 
vigorously with the stopper slightly loosened to 
relieve the piessme of the gas, and smelling care- 
fully, preferably in comparison with a pure water 
warmed to the same degree. The natural odour of 
pure warmed watar is very slight. A mere trace 
of urine could at once be detected by this test, 
and would, of course, condemn the water and 
render necessary a rigorous investigation as to its 
source. 

In special cases a large volume of the water may 
he extracted with pure ether (p. 276), or a litre dia- 
lilled and the first portions collected. Distillates f> 
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all waters have a "boiled" odour, due probably Lo 
an alteration of the organic matter by the heat : in 
pollution with sewage a peculiar caniphoraceous smell 
is often observed, derived from a neutral substance 
which I have isolated from sewage distillates in white 
volatile crystals almost insoluble in water, therefore 
collecting as a white scum when present in some 
quantity; it is frequently more strongly evident in 
the albuminoid ammonia distillates (p. 279). 

No exact measurement oE odour has yet been 
attained, and the nomenclature has no precision. 
A fishy taste and odour, due probably to trimethy- 
lamine, attends some bacteria of putrefaction which 
may invade water, such as B. Jluorescens putj'idus ; 
others, as B. suljihureum, yield sulphuretted hydrogen. 
Apai't from the smell produced by decay, many 
o lours affet'ting large bodies of wafer are due to oils 
secreted by algie and protozoa. Anabtena, Scene- 
desraus, and Asterionella among the algae, and soma 
flagellate infusoria, such as Uroglena and Svuura, 
have given great annoyance from this cause. Several 
public water supplies in England have at times been 
suddenly invaded by fishy odours and tastes, attri- 
buted lo Volvox, Nostoc, and other organisms. At 
Cheltenham, in 18S)1, the fault was traced to Cliai-a 
firtida or some of its parasites. The fishy odours 
are generally produced by animal, the aromatic by 
vegetable, organisms. It is found that these diffi- 

dark 
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reservoirB. Boiling the water in luftiiy cases removes 
tlie odour. 

Thresh states tlint in Boiiie pnrts of Essex the water 
deiived trom veins of snnd beneath the boulder clay 
has a faint bat decided odour of sulphuretted hydrogen; 
the smell entirely disappears upon leaving; the water 
exp Bod to the air for a tdiort time in n bucket or tank. 
■■ In these districts, however, the inhabitants will 
drink any kind of ditch or pond water rather than 
this." 

TEMI'EnATlinE. 

This should always be observed at the time of taking 
the Bample. The preference tor deep sup]»lies depends 
to a certain extent on their coolness, but in mains 
laid near the surface this advantage rapidly disappears. 
The importance of temperature is seen in the con- 
siderations that — 

1. Great fluctuations indicate imperfect protection, 
or variability in the source, with possible extraneous 
jiolhition. 

2. At a higher temperature the growth of bacteria, 
especially "blood heat," including pathogenic, or- 
ganisms, is encouraged ; the chemical changes are also 
more rapid. 

S. When used for cooling purposes, every degree of 
rise marks less efficiency. 

4. Tlte amount of oxygen and other gases capable 
of being dissolved is less as the temperature becomes 
higher (see p. 22). 
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il'SPENDKD luPCRITlES OF NaTCRAL WATERa, 

Plants. 

ervera are not eiit [rBed on the classtfica- 

of t}ie lower plants o< ring in land waters, but 
lowing grouping is a uauful one. For the genera 
lecies special works must be consulted. 
Diatomacca, generally brown or nearly cclourless, 
ton silicioUB, with two box-like valves and fine 
Kings. Free, or connected in sfars or chains. 
i. Cffanoph/ceir, algiB of VHrioua coloiue, never pure 
en, the chlorophyll being associated with other 
m-Jng matters. 
a. Chlorophycea, or green algs, inclnding Proto- 
coccoideee, Desmidefe, and Confervoidete. 
4. Fungi, without chlorophyll, including : — • 

(a) Bchizomycetes : Cladothrix, Leptothrix, Creno- 
thrix, Beggiatoa, and Bacteria proper. 

(b) Spores and mycelium of yeasts and moulds. 

B. Animals. 

6. Protozoa. Ehizopoda (Amreha) ; flagellate and 
cilia te Infusoria. 

6. Rolifera, or wheel-bearing animalcules. 

7. Polyzoa ox Bryozoa : coral-like forms. 

8. Sponyulie : fresh water sponges. 

!). Criigtacea (Cyclops, Daphnia and others^. 
10. Worms and their eggs, acari and small insects, 
L^c, and occasionally small fish and amphibia. 
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C. Son-livinp Tna:t4«r$;. 

\ei) MinrraL C\kX. HfCCti. chi^Xk A\v\ onvKxn«lr of 
lime crrstals, 5*or»u c»\u?^ ot iiMU a)^1 ^VMviMonMlix 

of ZDAng1U>C<^. 

spiral cvr other tonns : oi'Uular linnuo ii^oonf «m 
decayed, inclmlins; WivhI tniKiutMiU: p|iin»h wwA \^Mon 
granales: fikros of i>ii|>i«r mu\ olnihiMa: uniiMiOhMr^ 
browii humus. 

{c) AMimal, HairH, rpiilonniU iitiil ppiitiKtiiil mMilm, 
fibres of musoulnr iitid nlltrr linniirtfi^ ffiMMil tniiHfM\ 
portions of innoolH, thtu\ nuwmU'uUt*, 

The HUHpondod hodiim uttty Imy nUi^u nti'hU*u\t\\, mwl 
can 1)0 romov(j<l uhiioKt t*.iti'n*'iy hy tiiitniUiti tit tuilmi* 
dence. Kvon in a wflilU'f f^rlJMU/l |yy fMiMuiteinin 

caUHin^ diHCHH^; i\tf,'M; f%rP. f4^^ff v/ ^.vy )m Mm hulk 
that thfy are not f/^ir^'l \f\ *('r/ r^/|iv)/l<n«| tmitiplK, 
whereaH ch^irmV^al prvli;Ata i-^»,',if -i.-v: ,;y<^|. ««m- pM*cirht 
in each unit. ThA M^\,».f*^<^^^i», i.*- i^-^t-vJ^//^ wm tlii'iit. 
fore a l-^etUjr ind^v ^f 'hA ,>#^lM^M.•*^v,** Aj^»i'/j^> *i7, imd 
exist in gr^Aft v/ii'>.ty, 4n J^^.v•r^ u^ 1*^ >//))'/v\in;/ 
table : — 

r^'qar,' ■■VT| JT,-** vnir 

' . ^ ,*\r ,:»•'•* .• ' I.- ■ w- • • .*. f' . %.'• t.,i,\ I »-.,^, i.f ■_. . 

•i-^-! J ► t - ■ • 1. • .- •. II .1^ .,1, ,»^.illui '.■■* 

t-^»j*^ .r .• . * ■ <• •". ■»r*.-'' .•■*!• .V itt h'Hi! 

i"j n» ■•— • ■*•■-.. *. ■•'•|M<vi ■ i^t:j:i"i 
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objection to peaty wntera : they are usually acid from 
the presence of immic {hinniis, the ground), crenfc 
and apocrenic, and other brown vegetable acids pro- 
duced by the decay of vegetable matters. These 
waters have a tendency to dissolve metals, rapidly 
corroding iron, and therefore are unfit for use in 
steam boilers. They also attack lend pipes, and thus 
render the water poisonous. Theii' colour alone 
makes them luifit for many technical purj^ses. 
Fortunately they can be easily and clieaply improved 
by a method wliich will I>e described later (p. 158). 

In other respects there ia n diKtiiictiini between 
peaty icaterg which have derived then- brown con- 
stituents from percolation through roots of lieather 
and grass on uplands, then passing over the stony 
bed of mountain streams, and marsh or stvamj) ivaUrg, 
wliich have lain stagnant. The former are usually 
clear and almost free from organisms ; the latter are 
frequently turbid, foul-anielling, and swarming with 
infusoria, rotifers, anufbff, and bacteria. It is pos- 
sible by habit to acquire immunity to both classee, 
but there are abundant instances where diseases of 
malarial or diarrhetic character have been caused 
especially by swamp waters. As Francois Coreil says 
^L'Eau I'-liilile, Paris, lh9ti, p. 11) :— " Waters 
charged with organic matters can create true symp- 
toms of poisoning, although they are incapable of 
producing specific maladies if they do not contain the 
specific gorms of the disease." 



'4 WATER rURH-ICATION. 

Hippocrates* speaks of the injury to geneml henltli 
occasioned by drinking impure wulers. Tbe effect 
of maraliy waters in causing ague, dysentery, &,c., is 
so welt reeoRnised that the term "paludism" has 
been introduced tor it. 

Animal matter of recent origin and undergoing 
rapid change is a specially dangerous feature in 
drinking water. In the putretaetion effected by 
bacteria it is broken up into simpler organic com- 
pounds with evolution of gases, chiefly carbonic acid 
and nitrogen, which may give the liquid the sparkling 
property already alluded to. The intermediate pro- 
duets include enzymes, amido-acids like glycocine, 
leucine, tyrosine, and others, and a number o£ alka- 
loidal bodies or amines, such as ethylene -diamine, 

• Trentise wtp, iJpa, iidTB>r Trfnif, Vol. I., p. 533, Kiihn ; Tol. II., 
p. 2G. l.ittrA. The poKHHgoa in Chapter VII. relating to water ate 
worth ijuuting as illustrating the uarly knowledgL! ol the subject. 

nu £ uAiiftaTaTB Ksi Uiira if' Slarai naitk tullis T-frdrSai «ai Sua iygtfa. 
n\*7irrot -yip ixipo! {u^fliiAA«TOJ li riir iyidij*. Disadvantages of 
standing water in marsheB and Inkes, toIs ri wWonst avKJims fiiv a«( 
;tf)«Ao.i[ fiirai nit iitnuvtiimut (have alwayB an enlarged and liardtned 
Hlileeii). Thru hL< condemns hard waters from btoD^ districts, ai 
!T/>/wr irKKipH yii^ i^xyxri tirni. In the eighth chapti^r 
in t(i thu con^lll^■r^ltioll of rain and snow wntera. ri iiir 
mv^irtra «bi yhogirari lim mu Xtrtirara raiAa^irpiTaTa 
'■ 4kro Ihu 1igbl('-t, BwceteaC, thinnest, and moat limpidl- 
boil the » " "' 
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with great I'liysioloRical power. Therefore a polluted 
wftl*r, though freed from bacteria by tiUration or 
boiling, may still be iinwliolesoiue. Further bacteriiil 
action can change those bodies into ammonia, which 
finally, by the aid of atmoBpheric oxygen and of 
nitrifying organisms, is converted into nitrates. This 
ii what is meant by the natural purilication of water, 
and forms a most important factor in dealing with 
supplies. 

Ilecent excrementitious matter sometimes enters 
into waters through leaky pi(ies or wells near middens 
or manure heaps. In country villages it was formerly 
common to eeo closets on the banks of hrooka di - 
charging directly into the stream, the water of which 
wfts actually drunk by people living lower down before 
there had been time for oxidation or natural puriflca- 
tion to take place. Such couditiona have caused 
many violent epidemics, notably the one at Terling, 
in Essex. This form of pollution is easily recog- 
nisable by the odour, tiecal or urinous, produced on 
warming the water. Tlie urea present in the urine 
may sometimes be deLei-ted in such waters, but it 
rapidly passes into carbjnate of ammonia. Phenol 
baa been s'.ated to be a constant constituent of sewage, 
and a test (or the presence of soluble animal matter 
in waters is founded on its detection. It has been 
proved that water polluted by fscal matter can be 
drunk for a time with impunity by persona in health. 
This fact, together witli the immunity of many 
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individuals from certain furma ol infection, probably 
ttccouuta for the escape from apparent consequences 
for long periods of persona \\ho bave baliitually made 
use of wells and sti-eania which were obviously con- 
taminated with excreta, a fact which has often been 
adduced by unthinking parsons in order to throw 
doubt on the importance of securing a purer water 
supply. But, apart from the repulsiveness of the 
idea, the immunity may at any time be terminated 
by the passage into the water by the same channel 
of special patliogenic orgtinisms. 

The nature and amount of the mineral salts present 
in water will de[>eud on the rocks or soils over which 
it has passed or through which it has percolated. 
Almost all substances are to a certain extent soluble 
in or acted on by water and air ; the quantity dissolved 
will be affected by the amount of substance present, 
the surface exposed and the time of contact — rapid 
transit allowing relatively less solution— on the degi'ee 
of solubility of the substance, and the presence of 
accessories Uke oxygen and carbonic acid. Tempera- 
ture and pressure, with certain exceptions (notably 
sulphate of hme, p. 22(5) increase solubility, Lence 
many thermal deep springs contain abnormal amounts 
of dissolved ingredients, such as silica, which are 
degiosited as crusts on exposure to air. The mineral 
couatituent which is usually present in largest 
quantities is calcium carbonate, dissolved by the car- 
bonic acid in the water as bicarbonate. Magnesium 
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carbonate ie acted on in a similar manner, and tbe 
chloride, sulphate, and nitrate of these two metals 
are generally to be found in natural waters. These 
earthy salts cause "hardness," and will he discussed 
in Chapter X. It is sufficient to say that iu moderate 
quantities they seem to make no ditTerence to health. 
But, on the other hand, goitre has been suspected to 
l>e occasioned by watet's containing a large amount 
of tliese salts, and constipation and dyspepsia are 
known to be sometimes produced by very hard water. 
At Leicester, in 1898, consideiaMe opposition was 
offered to the introduction of a water supply from the 
upper Derwent as being goitrous, but it was shown 
that tbe water was pure and soft and not likely to 
cause goitre, tbe few cases on tbe mountains having 
been attributable to other reasons. Waters con- 
taining large <iuantities of magnesium salts or 
sulphate of soda are purgative, and frequently cause 
diarrbcea. Potassium salts are not usually present 
in any quantity, except in sewage-polluted waters. 

Common salt (NaCl) is a frequent constituent of 
waters found near the sea or brackish estuaries, but 
unless it can be traced to a marine origin or is 
derived from rocks like the new red sandstone, which 
contain deposits of salt and brine springs, its presence 
in quantity is indicative of animal contamination. 

Natui'al waters are usually faintly alkaline from the 
presence of carbonate of Ume, and at the same lime 
are acid to phenolphthalein, owing to free carbonic 
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^sd ^SQ hH3^ fresenL Any other acid or alkaline 
^?in;s^G&£!tfi v:ald nnkier the water injorioas to diges- 
^anL. Ii ^ 5^az;i br experiaioe that certain pro- 
7tfr:b:i&^ x ssasral salts are beneficial in waters ; 
Mf.^itii install rrrccraocs they may be injarioas and 
iiftec:i:riJE> ^ xxsht £>: mfosi porposes. The approxi- 
i&ia; mrrgf w£L W ccctadered in a sabseqaent 

^TimciiA y^ azii hs s^ts are almost entirely 

i^>^u\r ±':ai tuk w:&«frsL Ammonia, being one of 

:u« ino. TTAt^x):^ vTf tbe oc«L>mpo6ition of animal 

i::»ai2r > i^soilIj ^2. iaiSaSton cl pollution, and 

r*::<« it:-^.!' ruDctft^k^ ^cujufzdk&on by urine. It, 

r. .w^^■^^ 25^ ,vmj7»LrtdTifor ekafiT oxidised by water 

■:c^-'.:>ai> II vC 3jr-ja» iz*£ =ixri;esw Its relation to 

cva* ^r \aix*vunn> > firnitex ifscsised in a later section. 

vi *:**to :vcr;kTr ilz.x% snoes of iron. Its 

ntss^:!v? 11 laicun: is r-v i^ cce-nflh grain per 

^%.\\t iciT**^:^ * iijsi»crT-^i-t*f chaiTl^ate taste to 

tNt v-k.ti wixi >5mrt;c< :c xii: f:r general consump- 

>.M »*.su ttv>i aixi'i^cruL 7ttrrv>5*5Sw Ii can generally 

1|# ^Httv'^^ ^^ "jr^iijiCiZi.'c Tiih lime-water and 

«M^lMvtt> lau. iiii vriOic <c rtirliei contains less 

>a$ ^t^;ut}UiI^' liii> ^cl!I a somewhat on- 

ttc^n^ V„x :xji^ ::^»i5Cii :* i> rir^ly ev\>nomical 

mft ^ ^i^ MTtikrikivu .'£ mr:^ ;i::d pit waters or 

I viS^\» inci* xM J^,*ttt :itf yu^ksik*^? of the water 
«ir {Ottc^ rux-ix js- il'^-jky^ present in 
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waters, but ia frequently overlooked. It often amountB 
to one grain or more per gallon, niiil is precipitated 
with the earthy carbonates on boiling. In very soft 
waters, such aa tljosa which are derived from Ihe 
uplands of igneous rocks, the Hilica in a gelatinous 
form constitutes the major portion of the precipitate 
on boiling. It is present in considerable amount in 
boiler incrustations, especially those from sea water 
(Table B). If in unusual quantity, it is a bad feature 
tor industrial waters, though for medicinal use it may 
be of value. 

Salts which give a water a medicinal value, and 
contaminations from manufacturer, are considered in 
a subsequent chapter. 

Even traces of poisonous metals condemn a water 
at once. Lead especially is known to accumulate iu 
the system and occasion paralysis and other serious 
effects (p. U7)- Although many of the metals can be 
removed from a water by filtration through animal 
charcoal, the action cannot be trusted, so that, unless 
the source of the metal can be detected and the 
contamination stopped, it is imperative that the supply 
should be disused for drinking. 

A water to be palatable should be fully aerated ; 
(>., it should contain fairly full amounts of the 
natural constituents of the atmosphere, oxygen, 
nitrogen, and carbonic acid, otherwise it tastes flat 
and insipid. Deep waters have, as a rule, a larger 
quantity of nitrogen and less oxygen. Dissolved 
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oxygen is necessary for fisli life, and also for tbe 
selt-purificatioQ of rivers, since it oxidises the organic 
impuritiea they contain. River water on boiling gives 
off about one-twentieth of its bulk of a mucture of 
oxygen, nitrogen, and carbonic acid. Water can 
dissolve under ordinary conditions about its own 
volume of carbonic acid, three per cent of oxygen, 
and IJ per cent, of nitrogen, when in the presence 
of each gas singly. In contact with mi.'itureB like the 
atmosphere, liowever, water dissolves each gas in 
proportion to its co-efficient of solubility, and to its 
gaseous tension. Since air contains about one-fifth 
of its volume of oxygen and four-fifths of nitrogen, 
the relative tensions of each gas will be J and J. 
Then the amounts dissolved from air will be approxi- 
mately 3% X i = 0'(i% for oxygen, and 1^% x f = 
1'2% for nitrogen. 

Argon has been detected aa a constituent of such 
gases, proving its atmospheric origin. Free nitrogen 
in waters may also be due to reduction of nitrates by 
organic matter, or to anaerobic decomposition of the 
organic sub stances themselves. 

Dittmar states that if one volume of water at f is 
shaken with constantly renewed portions of a mixture 
containing iiii of oxygen, m-2 of nitrogen, and jOg of 

irbouic acid per unit vohinie until absorptiometric 
equilibrium is established and the dry-gas pressure 

i the end is p millimetres, the water dissolves of 
1 mip/3i volumes, of nitrogen WtVP-i, of carbonic 
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acid ntspfii, raeasQrod al 0° C. and 1 ram. dry pressure, 
tlie /3's being the coeffieients of absn-ption, of which 
he gives a tnble lor diffcrenl teiiiperutures {Chanical 
Arithmetic, 1890, p. 154). The three absorbed gas 
volumes, it measured at p millimetres, occupy wiift, 
iHi^j, HTa^a volumes. Hence, (it any pressure, unit 
volume of the <ilm>rhfd ijus conlaiiis : — 

o<ygcn 



+ niiift + ""lA 



Carbonic . . 

•»i)9i + "iiS. + IMA 

From these formula! he ealuulates the amount 
diseiolved by 1 litre of water at 16° C. and ordinary 
presBure as: oxygen, 7"196 ; nitrogen, I3'9li ; car- 
bonic acid, O'SO ; total, 21*46 cubic ceulimetreB. 

E. Frankland gives the following as the actual 
volumes of gases expelled on boiling 1 litre o£ live 
typical waters {Water Anaiysin, 1880, p. 3) : — 



« 



Chalk 



Chilli 



Nitrogen ... 
Oiygen ... 
Caibocic ticid 



RiiiD- 

18-08 H-M 17 31 13 25 19*< 

6'B7 7-36 7-0* 6-88 028 

1-3S 3-81 lis 40-31 e&'20 

90^73 91-31 3fi'48 60-3i 74-02 
The above carlwnic acid figures include not only 
llie diHHolved gaa, but also that present in combina- 
tion as bicarbonate, as this is also evolved on boiling. 
As a general rule, when the dissolved oxygen falls 
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lielow 7 e.c. per litre, except in hot weather, it in- 
dicates the presence of putreBcible orgiinic matter 
by which the oxyi^en is being consumed. In the case 
of deep well waters, to which air has had little or 
no access, this prucess of natural purification has 
occurred long previoualy, and has produced nitrogen 
gas, the free oxygen ahnost disappearing. 

Eoscoe and Lunt {Trang. Chtm. Sot:, 1839, 552) 
have constructed the following table of the amounts 
of dissolved osygen in fully aerated water for each 
half degree between 5° C. and 30° C, and for an 
observed pressure of 760 mm. (29-98 in.). When the 
observed pressure is below 760 mm., ^^jj the value 
must he subtracted for every 10 mm. ililTerence ; the 
same value must be added when the pri'saure is above 
760 mm. 





Cc,0.,E-. 


Temp. 


Cc,0.y,»n 


T...P, 


Cc. OJiFBWi. 


GO 


8-68 


18-5 


7-M 


220 


604 


a-6 


8-58 


14-0 


7'13 


23-5 


G'»9 


G-O 


849 


14-5 


704 


230 


5-94 


6-5 


8-40 


15-0 


6'!>6 




6-89 


70 


8-91 


15-5 


6-83 


24-0 


GSl 


7-5 


8-22 


160 


G'83 


21 5 


GSO 


80 


8-13 


ir.-5 


6-7S 


2.^0 


5-76 


8'5 


8-0* 


170 


668 


25-5 


5'7a 


90 


7'U5 


17'5 


661 


200 


688 


9'G 


7'86 


ie-0 


6-54 


20-5 


6-64 


100 


7-77 


18-5 


6-47 


37 


5-GO 


lO'S 


7-68 


190 


C-40 


27-6 


5-57 


ll'O 


7-60 


19-5 


6-34 


280 


554 


11-5 


7-52 


200 


6-23 


2R5 


6'51 


120 


7-44 


20-5 


622 


290 


G'48 


12-5 




210 


616 


20 5 


G'4S 


1,30 


7-28 


21-5 


GIO 


300 


5-43 
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Sulphuretted hydrogen and sulphurous ficid are 
naturally present in some mineral springa, the former 
constituting hepatic and tho latter "aulphuroua" 
waters. Certain organisms, such as OtciUatorue and 
other algee, and many bacteria, can reduce the natural 
sulphates to sulphides, and the water then becomes 
foul and unfit tor drinking ; this action occasionally 
takes place in samples sent for analysis which liave 
been kept too long in closed bottles, and is an 
indication of organic matter of a very objectionable 
kind. The presence of sulphuretted hydrogen is at 
once revealed by an odour of rotten eggs and an 
unpleasant hepatic taste. 

Suspended particles, if of an appreciable size, soon 
sink to the bottom and constitute a sediment, from 
which the water may he poured off in a clear state. 
In depositing, the suspended matter may carry down 
with it most of the minute animals, algic, and even 
bacteria, so that an examination of this deposit by 
the microscope is of great value in revealing the 
nature of the solid impurities present. By such 
deposition rivers liecorae to a certain extent purified 
in the quieter tracts of their ilow, and become clear, 
although the silt or sediment is apt to be again raised 
by an unusual current, causing " storm water " to be 
always more or less turbid, as is seen at intervals 
in many of the London supplies derived from tho 
Thames. The colour and chanicter of the suspended 
impurities may ho judged by looking at a considerable 
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volume of the water altemately before a bright ligbt, 
as a window, and a dark surface, such as cloth. 
Contrary to general oiiinion, most suspended particles 
m moderate quantity do not affect the flavour of the 
water, as can be proved by tasting in the dark a water 
which is "thick" and one that is perfectly dear. 
But, besides being unsightly, they afford evidence 
that the water has not been efficiently filtered, and 
it is mainly for this reason that a turbid water is 
condemned. Finely divided mineral matter in sub- 
pension is believed by some to be a cause of intestinal 
irritation and diarrhcea. Clarification can in moat 
cases be effected by dissolving in it a small quantity 
of alum, from one to six grains per gallon, afterwards 
adding the equivalent amount of carbonate of soda 
(see p. 158) and allowing the gelatinous precipitate 
of hydrate of alumina, which carries down with it 
the aU8i>ended matter, to subside. Such a process 
must be carried out with care, as its success depends 
on the character of the water, and if more than the 
requisite quantity of either reagent be used, the liquid 
will be rendered unfit for drinking. The water should 
always be jwured off directly the deiwsition is com- 
plote, as the bacteria and other organisms commence 
to multiply very rapidly when in such close contact 
with their food, and will then re-enter the water, 
V, its condition worse than Iwtore. 

>viouH that there are two kinds of insoluble or 
mattora, inorganic or mineral and organic. 
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the latter being of either aniitml or vegetable nature 
anil either living or dead. Organic matters, from 
being lighter, would be supposed to remain longer 
in Biispension than mineral matters ; hut the very 
minute parlicles of clay, and in a losa degree those 
of chalk, are exceedingly bIow in aubsiding, so that 
clayey waters remain for a long time turbid. Such 
waters are very diflicuU to clarify, and rapidly clog 
the porea of any filter. 

Particles of soot are somewhat fre<jnent in the 
waler of towns, and are an indication that the water 
has not been sufliciently protected from atmospheric 
dust, or that an admixture with rainwater has 
occurred. Divide of iron may he recognised in a 
sediment by its ru^ty colour ; it is common in waters 
derived from the clay, and ia not a good sign if 
present in more than minute quantities. Moreover, 
it renders the water unfit for washing and for several 
industrial purposes. Minute crystals of carbonate of 
lime are frequent in hard waters, such as those from 
the chalk ; these and angular frngnients of sand are 
easily distinguished under the microscope. They 
rapidly settle, and are only of importance as showing 
the water to be derived from calcareous or siliceous 
rocks. 

MetJiods/or collectin'j the Si-dim ait. -^Khoai a gallon 
of the water is allowed to slimd, carefully pouring off 
the top and transferring the lees to a conical glass. 
On settling, the deposit may be dipped out with a 
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small piijctte or gliiss tube drawn to a point ; the 
drop containing the sediment may then be placed on 
a glass slide between two slips of Riimmed paper (to 
allow room for the water), a cover glass placed over, 
and the water examined under the microscope. 
Portions should be tested with dilute hjdrochloric 
acid (carbonate of lime dissolves with effervescence ; 
oxide of iron dissolves with a yellow colour in stronger 
acid ; sand la not affected) and with iodine (starch 
turns dark blue ; animal matters are generally dyed 
brown). Bacteria may be stained with aniline dyes, 
such as methylene blue, methyl violet, or fuchsine. 

Mr. Dibdln, late chemist to the London County 
Council, has iiointed out that the sediment by no 
means represents all the solid matters in water, that 
B. good deal settles on the sloping sides of the glass, 
and that many moving organisms remain susf ended. 
He has introduced a method by which the whole of 
the inaohiblo matter is collected and measured. A 
litre (r7G pints) of the water, or less if it be of bad 
character, is filtered through one of the smooth " hard 
filter papers " now commonly used in laboratories, 
and the deposit washed into a "micro-filter." Tliis 
is a glass tube drawn out for some distance to a 
diameter of two millimetres (0"078 inch), and closed 
below by a short plug of clay burnt till porous. The 
fiediment settles on the plug when the water is drawn 
off by a vacuum, and its depth is recorded in milli- 
^metres. The tower part of the tube is then cut off, 
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and the deposit transferred to a glass slide, and 
examined under the microscope. By tliis treatment 
waters UBaally returned aa " clear, no sediment," otien 
show a large and varied deposit. So delicate is the 
method that the presence of most ohjectionable 
matters has been rejieatfidly demoustraled in a single 
tumblerful of so-called good drinking water. Water 
from chalk wells only yields a minute quantity oE 
deposit, consistiitg of a few infusoria, fibres, and 
debrU, Blank experiments with pure water yielded 
only a minute quautity of fibre, and occasionally a few 
starch granules from the filter pajier. 

It need hardly be said that in all these inquiries 
the greatest care must be taken to exclude dust. 
Samples should be taken in perfectly clean stop[jered 
bottles, and if from a tap it should be allowed to run 
for soma time, and the bottle washed out with the 
water. From rivers and pools the water sample must 
he collected some distance from the shore by sinking 
the bottle and then withdrawing the stopper, so aa 
not to collect anj' substances which may be floating 
on the surface, Aa bits of duckweed, straw, 4c., 
would make a great difference in the percentage 
amount of suspended matter found by this method, 
it is important that they should be either eicluded 
when taking the sample or removed mechanically 
before analysis. 

In the Sedgwick-Kafter method, used in America, 
the sediment is collected on a layer of clean sand 
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supported in the bottom of a funnel by a perforated 
c )rk covered with fine cloth. The deposit is washed 
out of the sand into a standard cell and the organisms 
counted (p. 289). Centrifugal machines are also used, 
and, on a larger scale, the Plankton net, ** plankton," 
from 7rXai/KT09, wandering, being a general term intro- 
duced by V. Hensen, of Kiel University, Germany, 
for microscopic organisms floating freely in water. 
Delicate and fragile species like Uroglena, Synura 
and others may require immediate examination. 
The American Public Health Association has issued 
a detailed report recommending certain standard 
methods of collecting samples, of physical tests, and 
of cliomical and bacteriological analysis (Eng. Record, 
N.Y., Oct. 27th, 1900). The report of a committee 
of the BritiHh Association on the same subject was 
publiKluid in the B. A. Reports of 1809, p. 255. 



CHAl'TER II. 



ANntAL ASD VEGETABLE IMPURITIES. 

We are even now occasionally confronted with the 
argument that a water condemned by chemists and 
bacteriologista cannot be so dangerous as it is repre- 
sented, since it has been drunk by many people with 
apparent impunity, or at any rata with no direct 
production oC disease.* 

It would hardly he worth while to combat such a 
contention, in the face ot tlie opposite propositions that 
have been demonstrated by recent visilations of cholera 
and by the periodic severe outbreaks of typhoid and 
other water-borne diseases, were it not that the argu- 
ment is constantly used to fortify the objection of 
expense, with the effect of quashing or delaying local 
schemes tor obtaining a proper BUpply of pure water. 
M. Monod, Director ot Pubhc Health in France, 
examined the mortality of twenty-four towns for two 
years before and two after they had been supplied 
with a purer water. In tlirt'e there had been no 
change (perhaps the water had not been really 
improved), but in twenty-one it had been reduced 

* At UaidstoDO, in 1898, the springs that occasioned s violent 
rpidemJc of typhoid bad been aupplyiog the towQ, mora or less 
innocnoQalj, tot twentj-fiTe years. 
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from twenty to thirteen and a half per 1.000, an^ 
fatal cases of typlioid had almost disappeared. 

There ia no doubt that a robust system may be 
trained to an extraordinary tolerance of Hubstancea 
otherwise poisonous. Tlie peasants in Styria, for 
example, are accustomed to eat arsenic without ill 
effects, and heavy drinkers and opium-eaters might 
argue that alcoliol and opium could never do harm. 

Under ordinary circumstances the body in health 
possesses a considerable power of resisting the germs of 
disease and of actually destroying them in the blood. 
But this process itself is a drain on the vital resources, 
and if at anytime the system be enfeebled, or the activity 
of the contagion be intensified, the natural resistance 
is overpowered, and the disease has its way. When once 
the ditiease is established in some weaker member ot 
the community, its spread as an epidemic is rendered 
more likely, and then even the strongest succumb. 

It is not pleasant to enumerate the different kinde 
ot filth and polluting matter which have been found 
by the microscope in drinking waters. It is ob\'ioua 
that anything may get into water that is unprotected. 
Less trouble is often taken to guard this most im- 
portant food than ia used for meat, bread, or other 
necessaries. Milk is carelully covered, provisions are 
kept in safes with wix'e or perforated casings admitting 

: and excluding dirt, but water is stored in open 
ts rarely cleaned, or directly drunk from streams 
'0 open to evety kind of contamination. 
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)ead animal mailers are of more dangerous import 
than vegetable, as the 
former may indicate direct 
coiitami:iatioii by a living 
animal, and even if only 
introduced with dust, they 
are ^uite capable of being 
a vehicle of contagion. 
Haii'9 are often found, and 
may be easily identified as 

. , . I . • . , ^^^ product of a 

M5M^^^fflffl particular animal, 




such as a human 



I 



Fia. 1. a. Human hnir; b, hair 

baing, dog, mouse, &c. {Fig. 1), 
2 and Fig. 5 //) from the 
lips or from the excretory 
organs are met with, and 
are a very bad indication. 
Even the dead bodies of 
animals, such as mice, 
beetles, frogs, and worms. 
have been repeatedly 
found in uncleansed water 
cisterns and reservoi rs . 
Wing-scales of butterflies 



Epithelial scales (Fig. 




Fio. 2. Epitheiinl acalos. 
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and moths and partB of iuBecta are occasionally 
present. An acarns of a species allied to the cheese 
aud sugar mites, but also belongiuy to the same family 




:, linen (Hax) ; d, ulV. 
as the itch insect and several animal parasites, some- 
times occurs in the Loudon waters derived from the 
Thames (Fig. 10. p. 38). 

Fibres of clothing, fiometimes dyed, are of frequent 
nice, and may be identified under the microscope 
., cotton, liueii, or wool (Fig. a). They usually 




splinters of various woods are common, and those 
of deal or fir-wood are known by the rows of pitted 
markings in the fibres (Fig. 6). Plant hairs (Plate I,), 
spiral vessels, epidermis of leaves, fragments of straw 
(Fig. 7) and of the coverings of seeds, especially those 
of the cereals, and vegetable tissue more or less 
discoloured from decomposition, are met with in 
a large number of waters ; if at all frequent, an 
excess of vegetable impurity is to be suspected. 
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Fio. 6. Substntices found id Be^rage-polluted water (LioDel Bealu). 
a, Fragmctita of coal ; li. epithelial scales, probably frum 
mouth ; c, yellow fmcal matter disintugratiii); ; d, mass ol fcecul 
matter, silicoous and other fragments embedded in its viscid 
subatanoe ; e. feces with granules and oil globules. 




Platk I. niustrations of vegetable imparities, a. h, e. Plunt huirs 
', f, spirul and annut&r vosboIs ; g. h. epidermis oF leavca 
rat of Bocd showing star-shapod colls ; j. epidermis □£ wheal . 

k, vegetable cellular tissue teund iu sewage usdeigoisg dccom- 

portion ; I, young vegetable ccUulai tissue. 
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Pollen granules (Fig. 


8) from flowers are frequently 


wafted into waters in 


the country. Wheat starch 
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Pig. 7. 


Fragment of Straw. 


from flour and occasionally potato and other starcheK 


are found. All the^e 


are important as evidences of 


a t, 
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Fto. 8. PoUen graniJea. 
Eluit : d, hMth ; e 


a, DandoUoii; 6, hoath ; e, miaceous 
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biid filtration or careless storage (Fig. 9). It has 
been pointed out that starch granules and hard 
portions of food pass undigested from the intea- 





<^<^@ % ^ 



FiQ.O. atarth granuldB. n, wheat; 6, potato; < 

tinea, and hence may be derived from sewage 
contamination. 

Living animals found in water comprise members 
of all the natural families. Fish are an indication 
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that the water is fairly aerated. Ab a river becomes 
increasingly foul the fish dieappear, and in the case 
of the Thames, for instance, the improvement effected 
by the construction of the embankment and of the 



1 
es I 




Pio. 10. 



great main sewers and outfftll works has heen accom- 
panied by the ascent of wliitebait and otlier fish to 
the upper tidal reaches. At the end of 1895, a large 
'■er of excellent wliitebait were actually taken by 
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the Iioiiilon County Coancil from one of the effluents 
ai the sewage liltei-s at Barking. But it must La 
remembered that fish in largo numbers are often 
seen to congregate at the mouths of sewers where 
f^ca.1 matter is visibly floating, being attracted by 
fragments of food and insects carried down by the 
sewage. Fish, in fact, are more affected by mnddy water 
and by chemicals from faetoriee than by excreta, ao 
that their presence is by no means conclusive that a 
water is not dangerous for man to drink. 

Among minute animals living in water, a few are 
visible to the naked eye, such as the water tlea, 
Dapknia jiiilex, and Cyclops qiiadrieomh (Fig. 10). A 
small round worm, called AniiuiUnlafita-mdUs (Figs. 14 
and 15) is common in rivers mid ponds, and sometimes 
makes its way into London waters. It is believed to 
be capable of living in the human intetstine, and 
therefore might be dangerous, and must be regarded 
as a very bad feature in a potable water." 

On numerous occasions letters to the papers have 
asserted the presence of small eels in the water 
drawn from the taps on constant supply. It would 
appear that eels and sometimes other flab have been 
Eound in the mains, and house-pipes have sometimes 
been stopped by their bodies. Their occurrence had 
been traced to accident or malice, and hi one or two 
instances the bye-paas of a lilter bed, used in revers- 
ing the current so as to wash out the impurities, has 
IM, h&B bdUD traced to 
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been improperly left open. No filter bed could 
permit the spawn of fish, still lees tha animals them- 
Belves, to penetrate unless it contained channels, 
formed by too rapid running or by careless laying, as 
has sometimes happened, that would allow unfiltered 
T^ater to pass. There is proof that in many cases, 
both in times of flood and in seasons of scarcity, 
water imperfectly filtered or not filtered at all has 
been allowed to gain access to a town supply. 

Protozoa, like amcrha, are looked upon as a bad sign; 
they are most frequent in badly aerated waters contain- 
ing much organic matter. Some of them have been 
recently proved to be pathogenic. Piana and Galli- 
Valerio, in the blood-corpuscles of dogs which sickened 
ot fever and jaundice after a tew days' hunting; in a 
marshy locality, found a pyriform protozoon called 
Pyroscima higeminum, similar to those discovered by 
Smith and Kilborn in Texas fever (Modenio Zooiatio, 
May 10th, 1895). Dr. Schurmayer, in the case of a child 
seized with cramps, vomiting, and diarrhcea, found in 
the intestines large numbers of flagellate infusoria. 

Grasset, in 18fl9, attributed goitre to a paludic 
hcematozoon. The amceboid Plasmodivm malaria; can 
be derived from water, as well as from mosquitoes 
(Curtis). Similar organisms have been discovered in 
blackwater fever, Tsetze fly disease, and forms of 
dysentery. 

The large class infusoria, mostly motile, and some 
containins green chlorophyll, are broadly divided 
into Jlagellale, or moving by whip-like appendages, 
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and ciliate (Fig. 11), having rows of vibratUe 

lilitraentB, or cilia, over parts of theii' bodies. Large 
rotifers, vorticellje, and otiier forma occur in water sedi- 
ments (Figs. 12, 13, 14, and 15), These organisms are 
found in waters remote from any chance of animal con- 
tamination ; hence their significance is confined to the 
fact tliat, if they are in large numbers and actively 
moving, there must be also present a large quantity of 
matter to serve as their food, such as, of course, would 
also supply plenty of nutriment tor directly dangerous 





Pio. 11. Ciliatc ijid 

organisms. Apart from vegetable matter in solution 
in unusual qnantity being known to be la-tative and 
enfeebling to human beings, the water is likely to 
favour the rapid muUipticntion of any microbes of 
disease that might accidentally enter, and thus would 
contribute to the propagation of any epidemic. 

Diatoms and desmids in small numbers occur 
in excellent waters. Filaments of confervie are 
generally derived from the stones or walla of the 
source. Water weeds in moderate numbers effect 
a pm-ificatiou of the liquid bv the oxygen they give 



lyA^^K vuhification. 



off from their leaves. In aquaria this improvement 
in the quaUty of the water may be aeen ; but in riverB, 
if the growth is too luxuriant, the flow of the stream 
may be retarded and the water may be fouled by tlie 




FiO. 12. Nob. 1, a, 3, 6, 7,0, 10,27, Infusoria; 8. Vortioclla ; 11,28, 
ParamcBclB; 12, 19, Contervie; 33, 14, 15, 10, 23, 23, 33, Din- 
toins: SG, I>esuiid;G,Aiigui[lulalluvLaliliii: 17, Wool; 20, Hair; 
18, 25, aa, Vegetable dibi-is; 84, Tocula. [MWc Haaaall.) 

decay which would then take place. A very good 
idea of the character of a stream or river may be 
formed from an inspection of the kinds of plants 
^on ita banks. When such growtli is very 
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luxuriant, tmd the sterna and leaves of the plaiitti are 
succulent, then n pollution of the river villi Eewage 
is to be suBpected. A pure niountnin stream shows 
either no, or only very Etuiited and slight, vegetation. 




Fia. 13. Water Irom a woll neiir the tkiina ot Paris. 1. Cyclops; 
2, MyceUum with spores; 3, Woody debris; t, Zoogltea; 
6, Huiuus. lDj»e'''"i"na-'c.) 

Sedges and flags grow in a water which ia run- 
ning and aerated. Smaller rushes and marah planta 
indicate a brow-n, peaty, stagnant waterj which is 
probably imwliolesome for drinking. 
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The BporeB of fungi, and more eapecially the inter- 
lacing threads called mycelium, are usually accom- 
panied by a flatnesa and want of aeration in the water. 
Artesian wells, like those at Crenelle, near Paris, and 




FlQ, 11. 1. J, Dbhd d , . 3. 4, I) nt mB , 6, Infusoria ; 7, Daphuia 
puioic ; 8, all Entomobtmcan ; 9, Aiiguillulii ; 10, Muscular fibro ; 
11, Vegetable tissue and tarthy mat tec ; 12, Cotlon fibre; 13, 
Fungus myeslium ; U, Cladophora (an algn). 

occftBionally those sunk in the chalk belonging to the 

Kent Water Company, yield waters showing fungoid 

's and a tew diatoms; these are found in the 

of such waters, which sometimea contain also 




riQ, 15. Seine 

3—8, Diatoma ; 12. I'J, ao. Inluwria ; lo, fiponge 
Spicule : 11, 16, Confervs ; IT, AiiguUlulft; 
23, BoUfer. 



waterB probably drop in from falling atmospheri 
doBt, and when growtha of organic matter occur 
deep well waters, U3nal]y they may be traced 
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eiieh accidental origin, and can be prevented by 
covering the well. In lesa pure waters one frequently 
finds that in the darkness of the water-pipe filaments 
of considerable length grow, and sometimes to such an 
extent that the valveB and taps become choked. 

It is very importnnt that all drinking waters used 
by man should be kept away from animals, as parasitic 
maladies, like tapeworm and hydatid disease, have 
been frequently traced to water which has been 
polluted in this way. Dogs are especially liable to 
such diseases, and in Queensland it is said that the 
shepherds, while not too particular as to the water 
they drink, refuse to make use of any which bears 
evidence of having been drunk by a dog. Sheep and 
other animals may also convey parasites, so that it is 
imperative to avoid drinking any pond or brook 
water unless it has been filtered or boiled. The 
danger is more imminent in tropical countries, as in 
India, where the ova of a filaria, or kind of thread- 
worm, have been several times discovered in the 
waters of taiiks and streams. Fil'iria dmcimcuhis, the 
guinea-worm, was proved by Ilirsch to bo com- 
municated by drinking the foul water of streams. 
Many other species of parasitic worms have also been 
traced to water, and animals often suffer from 
» •pidemicH which have originated in this way (Fig. 16). 
h-wator sponges occur as soft, fibrous masses of 
vnish colour in tanks and water-butts 
id is continually in motion. When 
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they die, the epicules which form their Buiiporting 
skeletons are liberated, and may l>e detected in the 
water aodiment by the microscoi)e as minute pointed 
bodies of characteristic shape (Fig. 15, No. 15). The 
broiiTi or grey sponges occasionally grow in water- 
muins and cause obstruction, and the products of 
their growth and decay contaminate the water, and 




Fin. 16. Eggs ot panuitic worms, a, b, Botryocopbulus latus; c, 
AscBiis lumbricoidea ; d, OiyuriB vermicnlBriB : e. Trichocephalus 
dispM;/. g, h, Anchylostomum duodenula in diflorunt stagus. 

occasion an unpleasant odour and taste. They thrive 
most in summer, and will not grow in a wator pro- 
perly filtered and therefore free from the organisms 
which constitute their food ; consequently the presence 
of sponge spicules in a sediment is a bad indication. 

The sanitary significance of the presence of living 
organisms in water rests chiefly in the tact that where 
they are thriving there must be an adequate supply of 
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their appropriate food. Green algfB require the 
presence of considerable qua.ntitieB of mineral in- 
gredients, such as lime, salts of potassium, ammonia, 
and nitrates, which can all be derived from sewage, 
while certain Crustacea and infusoria feed upon solid 
organic matter undergoing decay. 

A green unicellular alga, a species of protocoecus, is 
frequently seen encrusting decanters in which water 
has been allowed to stand. 

It is found that the growth of green algte can 
be prevented by excluding light from the water 
during storage. With this object, as well as to protect 
from dust and smoke and to prevent freezing in winter, 
reservoirs and wells are ofton covered over with brick 
arches. On the other hand, the beneficial effect of 
light in destroying the germs of disease (p. 160) ia 
in this way hindered or lost. The algie are infinitely 
leas dangerous than the pathogenic bacteria, and as 
they undoubtedly cause a disappearance of some of 
the organic matter present, their presence may be 
useful in some cases. 

Dr. 0. Slrohmeyer finds at the Hamburg water- 
works that the green algse are very effective agents 
in removing bacteria from the water. In some cases 
the water has been rendered practically sterile in this 
way. And it is suggested by Dr. Kemna that the 
oxygen, or possibly ozono, liberated by the algic brings 
kftbout this result. Algm are especially abundant on 
^'tb Burfaco of filter-beds, and different species appear 
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regnluFly at diETerent seasons. Hydrodiclyon 

form having & hesagonal network, Beema to be 
useful in this respect (p. 175). 

The most important of the solid bodies present 
water are the vegetable organiamfl called bacteria, 
which are usually invisible to the naked eye and to 
the lower powers of the microscope. Under higher 
powers, they appear as minute points or as moving 
rods, which congregate together into groups and lines, 
hut sometimes associate in pairs or form long seg- 
mented filaments (p. 282). To make out their form 
and structure requires the highest powers, with the 
aid of immersion lenses and special illumination. 
Even then these minute forms of life frequently so 
resemble one another that further experiments are 
necessary before it is possible to form any conclusions 
&B to the species to which they ijclong. Their cultiva- 
tion and isolation require considerable care, and their 
importance baa increased since the discovery of the 
close conoections which exist between certain diseases 
and these microbes. A bacteriological examination 
of a water ia therefore as necessary as a cliomical 
analysis, if it is required to ascertain the absence or 
presence of specific disease -producing organisms. 

It is a familiar fact that yeast is capable of con- 
verting sugar into alcohol and carbonic acid, and that, 
when examined under the microscope, it ia seen to 
consist of round cells of a species of fungus called 
Saccharamtjeeg, or Torula, cerevtsice. Many years ago, 
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Dobereiner proved that, before alcohol was formed, an 

intermediate body called "invert sugar" was produced, 
and other investigators noticed that similar changes 
could be effected in starch without the presence of any 
living cells, provided a substance called diastase, 
which exists in malt, was present. Liebig argued 
from these facts that diseases might have a similar 
origin, and, from the idea of conUu-c, the theory was 
called "catalytic," It was consequently recognised 
that many matters undergoing change could propagate 
that change to other unstable molecules near them. 
Diseases were therefore presumed to be due to the 
action of organic ferments, or " enzymes," from which 
idea such affections were termed " zymotic " {Zvjio, 
yeast), a term which is still retained. As a conse- 
quence of this theory, all organic matter in waters 
was looked upon with suspicion, and the determination 
of its amount by chemical analysis was regarded as 
ft measure of the wholesomeness or otherwise of a 
potable water. 

But Pasteur subsequently found that, provided the 
living cells of yeast were excluded, no fermentation 
took place, and that substances and temperatures 
which hindered the gi'owth of the ferment also 
hindered the change into alcohol and carbonic acid ; 
that, in fact, the fermentation was a vital act of 
assimilation and excretion on the part of the fungus, 
that the sugar was really its food, and the other 
products its excreta. He further demonstrated that 
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germs conveyed by duat and from water were the 
causes of change in milk, blood, broth, &c., and if 
the germs were killed by boiling or removed by careful 
6Ilration, and the Uquids, contained in a perfectly 
clean vessel or one that had been sterilised by heat, 
were then protected from dust by plugs of sterilised 
cotton wool, that then the fluids, although perfectly 
accessible to air filtered through the wool, would 
remain without putrefaction for an indefinite period. 
Since disease presented many analogies to putrefaction, 
he developed the germ or microbic theory of disease, 
which has been established by subseiuent investigators 
for several of the more dangerous diseases, and is 
believed to explain the origin of many others. 

Pasteur himself and his pupils, by long-continued 
investigations, succeeded in demonstrating the exist- 
ence of bacteria in the blood and tissues of infected 
patients, and by inoculating animals with cultivations 
of these bacteria proved that they were pathogenic, 
or capable of re-producing the symptoms of the 
disease. A very large number of bacteria have thus 
been studied, and their characteristics described, but 
subsequent research has shown that in some cases 
what have been described as apparently different 
forms are merely transitional stages in the life 
history of a single species. The variation in the 
conditions under which the organism lives, the 
temperature and the food, and other circumstances, 
have to be carefully studied before the true nature of 
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the epeciee can be ascertained. In some caees these 
variations produce such changes in the physiological 
action and Btructure ot the organism that its nature 
is entirely altered. Thus the bacilli of anthrax, or 
wool-sorters' disease, sometimes pass into what is 
known as the spore condition, and in this state, 
according to Koch, will remain dormant for months, 
[lerhaps tor years, until they reach the temperature 
of 16° C. (62'^ ¥.), when they will again commence to 
grow and multiply. The luuture organisms, on the 
other hand, when placed in Thames water at 12° C, 
according to Percy Frankland, disappear in less than 
five days ; they are also killed by a much lower tem- 
perature than that which destroys the spores. As a 
general rule, the spores of bacteria, like the seeds of 
higher plants, are possessed of much greater vitality 
than the fully developed organism, the latter being 
killed by a temperature of 60° C. or less, and more 
eiisily destroyed by disinfectants, while the spores can 
willislaud any temperature below that of boiling water 
for a considerable time, and are also less affected by 
rlmmii'iil reagents. Cold and dryness have little effect 
on the eiMirea. On account of this variability, although 
tlm niimlwr ol species of bacteria have been greatly 
ivilnwd. tho liitliculty o( identifying a particular 
ImKlllim ftud following its life history is very con- 
MldciiiMy iui(inirut«d. 

U In only 11 tt»w bacteria which, up to the present 
tlltlH, lmv«> l'«'i>ii dolinitoly branded as " germs of 
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As all nataral w&ters contain microbes, and 
some immense nambers of them, and as tliey are 
almost uinversally distributed through the air and 
in our food, it is fortunate tliut the majority are 
liarmless and even useful to man by destroying 
organic matter, which they turn into carbonic acid, 
water, ammonia, and nitrates. It is also more than 
probable that these harmleea bacteria which exist in 
waters wage war upon any pathogenic organisms 
that may be present, either by starving them out or 
by poisoning them with the products they excrete. 
In this latter way they even render the water unfit 
for themselves to live in, and dying, sink with the 
sediment to the bottom. Such a proeesa naturally 
happens in settling reservoirs. Percy Frankland 
demonstrated that ordinary surface waters, like that 
of the Thames, were capable of rapidly getting rid of 
certain injurious bacteria, independently of the further 
multiplication of the common water organisms, and, 
therefore, attributed the action not to "crowding out," 
or "struggle for esistence," but to the elaboration of 
products by the latter, and possibly also by vegetable 
life, which are inimical to, for example, the typhoid 
bacillus. Frankland added this organism to Thames 
water, and found that it disappeared in nine to thirteen 
days, whereas in the purer deep well water of the 
Kent Company it survived for thirty-three to thirty- 
nine days (Proccedinijs lioi/al Sudely, Ivi. 543). 

The fact that the excretory products of bacteria are 




inimical to bacteria themselvea is the fonndatlon of 

tha processes of inoculation against disease. The 
microbes are grown abnndantly in a " culture 
medium," which is filtered through porcelain to 
remove the organiama, and the liquid containing the 
product of their Uvea ia found on injection into the 
veins of animals to be more or less protective against 
their future inroads. Duclaux, indeed, has termed 
these bacteria " the scavengers of the waters," 
Natural purification, then, by subsidence, light (p. 160), 
oxidation, and life action, accounts for the fact that, 
though myriads of disease germs must pass into 
rivers from the drainage and sewage polluting their 
upper course, they can rarely be discovered in the 
water after a flow of a few miles. Dr. Tidy contended 
that a few miles of flow were sufficient to purity any 
river, but the contention is not a safe one, since, if 
any survive, transplantation into purified water will 
cause them to recommence multiplication with extra- 
ordinary vigour, and may give rise to a fresh outbreak. 
Many epidemics which have often suddenly occurred 
may be explained in this way. It is also important 
to note that a water ie not necessarily wholesome 
because by bacteriological examination it is found to 
bo sterile, or tree from microbes, as in that case a 
" sterilised " — i.e., perfectly filtered or heated — sewage 
would be fit for drinking, whereas it might be poisonous 
from the presence of " ptomaines," or other products 
of bacterial growth, or might be injnrions from 
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excessive quantities of mineral sails. A chemical 
analysis is, therefore, always necessary, in addition to 
a bacteriological examination, before a reliable opinion 
can be foi-med upon the purity of a water. 

The distribution of bacterid in water is modified by 
every shower of rain, as the rain carries down larga 
numbers of organisms or their spores floating in the 
air. Miquel, Uare, and others have shown that the 
number of micro-organisms in the air rapidly decreases 
as we ascend ; therefore the water of upland surfaces 
at first contains very few. Surface waters that are 
still or in very slow motion develop large numbers ; 
but as they are always depositing, in lakes they are 
almost absent. Rapid streams flowing over gravelly 
beds generally become purified from microbes, though 
they may be turbid from mineral matter, and springs 
at their origin are usually fi'ee from life. Rivera 
contain the drainage of their entire basins, and must 
necessarily hold a collection of all the surviving 
organisms of the land, of the air, and of the towns 
and villages that they have passed. A river in flood 
contains, of course, a larger number and variety than 
at ordinary times. Sea water has fewer microbes, 
and is a conspicuous example of a water that would 
pass a bacteriological examination and yet would not 
be potable. 

Among zymotic diseases which have been directly 
traced to special bacteria in drinking water are Asiatic 
cholera and typhoid fever, whilst diphtheria has been 
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proved to have originated from impure milk. In 
many other diseaeea the causation by water is almost 
certain, although the baeillua has not been found. 
There are a large number of inataneee in which 
typhoid Eeems to have been Epeciatly due to had 
water. Many of them are given in the reports of the 
Medical Officer of Health o! the Local Government 
Board from 1868 to the present time," 

The bacillus of anthrax, or splenic fever, is of 
common occurrence in hair, wool, and fur, and is 
easily transferred to water, in which its Bporee were 
found by P. Fraiikland to be capable of surviving for 
two years, besides enduring great variations of tem- 
perature. An outbreak of the disease in Wurtemburg 
{Zdtschri/t fur Hygiene, viii. 179) was traced by i 

Botz to water, while DiatroptofE found the Bacillus ' 

anthracis in the mud of a spring {Amtales de ilnatitut I 

Pasteur, 1893, p. 286). Consequently there is danger 
of this disease being transmitted to a river water from 
wool -scouring or fur factories or tanneries on its banks. 
Fatal cases of anthrax, or "wool-sorters' disease," 
periodically occur in London. 

The outbreak of enteric fever in the Tees valley in 
1891-2 is a good illustration of a water-borne epidemic. 
According to Dr. Barry, two sudden and marked 
outbursts of this disease occurred at a time of year 
when they were not usual. The locahtieg supplied 

• Alao P. F. Frar.kland, Proc. Boy. Soe., Ivi. 896. 
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with water from the Tees suffered very heavily, white 
others not bo supplied escaped. This river is subject 
to the grossest fouling by hmimn excreta, and, 
previone to the epidemics, sudden floods washed vast 
iQasses of filth which had been accumulating on its 
hanhe down the stream up to and past the points 
of intake from where the water was being pumped, 
after a doubtful filtration through gravel and sand, 
and dehvered to certain populations. It was these 
^TOpulations that suffered from the exceptional pre- 
valence of enteric fever. Br. Thorne Tborne remarks, 
" Seldom has the relation of water so befouled to 
the wholesale occurrence of enteric disease been 
mora obvious " {Report of the Medical Officer to the 
Local Government Board, 1893). This evidence, 
however, was not deemed conclusive by the Eoyal 
Commission on the Metropolitan Water Supply. 

Although typhoid is, without doubt, water-borne, the 
difficulties attending the isolation and identification 
of the typhoid bacillus make it often impossible to 
prove its presence in waters which have certainly 
been the source of the disease. On removal, however, 
of the pollution, the disease has disappeared, so that 
the connection is undoubted. Although it appears to 
be established that organisms survive for long periods 
in Boil, they die rapidly both in sewers and rivers. 
Parry Laws and Andrewes, in a report to the London 
County Council, Dec, 18!)4, state that they failed 
to find the typhoid bacillus on careful bacteriological 
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analysis of many sewages, and only discovered it in 
sewage from Uio main drain of the Homerton hospital 
when forty caaea were under treatment, and the 
disinfection o! the stoola had purposely been dis- 
continued for two days previously. As to cholera, 
the reports of the visitations of 1854 and 18G6, and 
of the epidemic of Hamburg in 1892, leave no doubt 
Q3 to the agency of water in propagating the disease. 

A great number of bacteria live in soil, a few of 
them pathogenic, auch aa Staphylococcus pyogenes 
aureus, an organism that may be the cause of wounds 
festering ao frequently when dirt enters them. These 
bacteria naturally find their way into the water of 
shallow wells. Among the many ways in which 
dangerous organisms may gain admission to water, 
drainage from cultivated and especinlly manured 
land, sewage of towns, cesspools, privies along the 
banks of streams, animals drinking from or dia- 
charging into wells, springs, or watercourses, ' and 
the floating dust of the atmosphere are the most 
prominent. 

' * Besiden onlhrax and typhoid, glandi^rs, hog and chickon cholera, 
Biiid diphtheria have been thue occasioned in animals, and in gorae 
cases have been undoubtedly tianslerred b; their milk at flesh to 



CHAPTER in. 

DIFFERENT KINDS OF WATER. 

Kathrai. waters may be classified hs ; 

1. Rain water, or that which 19 precipitated from 
the atmosphere under any conditions, as dew, frost, 
snow or hail. 

2. Surface water : all collections in tree contact wilh 
the atmosphere : Btreams, lakes, ponds and ditches. 

3. Subsoil or ground water, not in free contact with 
the atmosphere, percolating or flowing through the 
soil or rock at a moderate distance below the surface, 
and derived in great part from the rain or surface 
water of the district. 

4. Deep spring or artesian irater, accumulated at a 
considerable distance below the surface, the subsoil 
water having been excluded by difficultly permeable 
strata. 

6. Mineral watera, sea water, and that of saline lakes, 
"When any of these varieties are heated in a glass 
vessel, it will be noticed that bubbles form and ascend 
through the liquid : these are mainly osygen and 
nitrogen dissolved from air, and liberated because 
gases are more soluble in cold than in hot liquids. 
Babbles of steam next appear bt,low and at first con- 
dense higher in the liquid, but as the heat increases 
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they at last mount to the surtace and the liquid 
boilu. 

If an apparatus be arranged so that the steam shall 
pass through a "worm," or tube surrounded by cold 
water, it is possible to collect any quantity of the con- 
densed steam (Fig. 17). The worm should be of tin 
(not tin-plate) or stoneware, on no account o/ lead, 
because this metal is easily dissolved and contaminates 




Pig 17. Simple SHU and W. 



the water. The solid bodies in water are not volatile 
at the boiling temperature ; consequently the distilled 
water is free from all solid matter, such as salt, car- 
bonate of lime, &c., and only contains some of the 
(fascs of the water. Distillation therefore is used 
for purifying waters for chemical purposes and tor 
making ice and some aerated beverages, also at sea, 
or wherever it is necessary to obtain fresh water 
from that which is too salt or foul to drink, or too 
hard lo be used in steam boilers. By multiple 
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evaporators, such as the Yaryan, large quantities of 
distilled water can be obtained ; but this liquid is not 
pleasant to drink, having a Sat and sometimes burnt 
taste from the contact with heated metal, while any 
natural odour oE the water is intensified. Distilled 
water also attacks lead very rapidly, and therefore 
mast not be conveyed in pipes or stored in cisterns 
oE that metal. It can be aerated and thus rendered 
more palatable by shaking vigorously with air, or 
better by being allowed to trickle over a long column 
of granular charcoal, with a current oE filtered air 
passing apwards, as is done at sea. 

The author finds that a small quantity oE bicarbonate 
oE soda, about two grains per gallon, gives a palatable 
result, which is improved by adding about two drops 
to the gallon of pure hydrochloric acid, previously 
diluted to about 10 per cent, strength. In this way a 
minute quantity of sodium chloride (common salt) is 
Eormed, which is, of course, innocuous, and communi- 
catee an agreeable slight flavour, while the carbonic 
acid Uberated supplies the deficient piquancy. Such 
water obtained from a simple portable still, heated 
over the camp fire, is useful in expeditions through 
countries where the natural water is malarial or 
saline. The first portions distilled should always be 
rejected, and the distillation not carried too Ear. It is 
in many cases perfectly possible to arrange a constant 
supply of water Erom a tank elevated on a pole support. 
Bicarbonate oE soda and hydrochloric acid could alwayg 
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be carried, &b they are almost indispensable for other 
purposes. The water so yielded would be more whole- 
some than any that could be obtained by filtration. 

Condensed water from steam engines is always con- 
taminated with oil, and is therefore generally not of 
much value. 

It has been shown that many germs multiply more 
rapidly in distilled than inordinary water. Hence the 
former is found to become rapidly foul and ill-tasted 
when exposed to the air. 

Rainwater. — A proeess exactly parallel to the above 
is continually going on in nature. Wherever water 
is exposed to the air at any temperature, it is always 
evaporating, and so much the faster t!ie more surface 
is exposed, as may easily be shown by the rapidity 
with which spilt water dries up when spread out in a 
thin layer by a cloth. As in artificial distillation, the 
solid matters remain behind, while the liquid rising 
into the atmosphere collects in clouds, from which it 
descends as rain, or sometimes as snow or hail. Eain, 
therefore, should be the same as distilled water were 
it not that it carries down with it most of the dust of 
the atmosphere and various germs which have been 
floating in the air, and also a quantity of the gases of 
the air. Out in the open country the rain is of con- 
siderable purity as regards soHd matters, hence it is 
almost perfectly soft, but it contains somewhat large 
quantities of ammonia and varying amounts of 
-ates and nitrites (according to the electrical 
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condition of the atmosphere), beeides the germs and 
other constituents of the dnst. These Bolid impurities 
are less in amount the greater the elevntton, but are 
never entirely absent, several observera having found 
them in water collected at the greatest height ever 
reached by a balloon. In fact, Aitken and others have 
experimentally shown that solid particles are abso- 
lutely necessary before condensation of aqueous vapour 
can take place. Rainwater, as is well known, is 
admirably suited tor washing, on account of its suft- 
ness, but it possesses the same faults of unpalatability 
and of attacking lead that are shown by distilled 
water, and requires to be treated in the same way 
when used for drinking. Under the microscope rain- 
water shows minute sandy particles, believed to be 
meteoric dust, which is ever present in the remotest 
alpine regions (Tyndall), fragments of decayed and 
dried vegetable tissue, occasionally animal hairs, 
pollen grannies, small insects, spores of fungi, and 
always bacteria. On account of the ammonia which 
forms their food, the latter rapidly multiply, and 
render the stored water so polluted that rainwater 
should always be filtered through a germ-proof filter 
when required for drinking purposes. Near the sea 
the rain contains salt, carried by the winds from the 
spray of the waves.* In the neighbourhood of towns 



' "Dmntg a storm Professor Charch found the rain thirtj-flvo 

miles from the coast to contain G'9T parts per 10U,000 ot chlorine, due 
probably to a cyclone of sea spraj. Such water nould also be bard. 
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it is olten exceedingly dirty from aoot and the products 

of reBpiration, and is then qnite onfit for washing until 
it has been strained. It is also acid from the presence 
of sulphuric acid derived from the sulphur in coal. 

Angus Smith found in 100,000 parts of London rain- 
water two parts of sulphuric acid, in Manchester and 
Liverpool four to five, and in Glasgow eight parts. 
Such rain when it falls on buildings dissolves lime, 
iron, lead, &c., from the roofs, walls, gutters, and 
pipes, and, besides containing much soot and tarry 
matter, may become very hard. Snow is even more 
impure, as after falling it absorbs gases and dust from 
the atmosphere. The foulness of the water that is 
melted from London snow is a good example of how 
great may be the contamination caused in this way. 

After the rain has fallen for some time and has 
effected a cleansing of the atmosphere, it becomes 
much purer even in towns. Id country districts and 
in arid regions especially, rainwater is of great value, 
and should be collected with care in gutters regularly 
freed from the droppings of birds and from dead 
leaves and dust, and stored in tanks or barrels charred or 
tarred mside. With these precautions, rainwater should 
be used much more than at present. In some parts 
of South Africa it is the only good supply attainable, 
and is collected from the roofs of farms and outbuild- 
ings by means of galvanised iron or tarred wood 
gutters. Venice and many other continental cities 
are still supplied with rainwater both from pubhc i 
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private reservoiiB, which are commonly conatrueted 
ondergronnd. In Jerusalem every house is built over 
its own cistern ; many have three or four, or even 
more, the whole supply of water for the conHiimption 
of each family m a year Ireing contained in them. 
These cisterns are etone chum- 
bera, generally vaulted, into 
which the rams that fall on the 
flat terraces drain. The houses 
are damp and unhealthy, and 
ague is almost universal. Some 
are provided with sand filters, 
from which the clear water ntns 
into coveretl wbUb. The nccfH- 
aity of a reservoir is due to the 
tact that otherwise, on account 
of the extended surface of cnl- 
lection, evaporation would carry 
off the water as fast as it falla. 
Farmhouses in many rural dis- 
tricts in England collect the 
water from the roofs in under- Standard ruin-gauge. 
ground brick or cement cisterns arched over, from 
which it ia pumped into the houses, where it is used 
constantly for wasliing, cooking, and tea-making, for 
which i>urpo8e8 it ia especially suitable from its soft- 
neaa. After subsidence it is clear, and ia even used 
for drinking in times of scarcity. There are many 
eimilar arrangementa in the neighbourhood of London. 





llain Gauge. — ^A form U6ed in the Mefceorologieal 
Office has a circular metal funnel eight inches io 
diameter, protected from dtiat and evaporation by a 
closely fitting metal cylinder, open at both ends and 
reaching about six inches above the funnel. The 
simple (orm (Fig. 18) has a rim directed inwards to 
prevent loss by splaabing. The area would be about 
50 sq. in. if round, or 64 it square. Larger gauges 
are usually measured by a float and rod, while for 
continuous observations self-recording instruments, 
like Beckley's and Richards', must be employed. The 
Rothampstoad gauge is an inverted hollow pyramid 
of cemented brick, with a base measuring y^q ftcre. 
The height above the sea must be recorded, as at the 
top of a building less rain is collected than at the 
bottom, owing possibly to the lower layers ot the 
atmosphere being generally more eaturated with 
moisture than those above. 

The amount collected in 24 hours, measured in 
inches, gives directly, or by calculation, the depth 
in the layer of rain that would form over a whole 
level country, if none were lost. The numbers for 
all the days added together give the anmial rainfall, 
which varies considerably, being in London about 
twenty-five inches, in billy districts forty to fifty, with 
an average for the whole of England of about thirty 
inches. At Borrowdale, Cumberland, it is 140, while 
at Gberrapungi in Assam it is the heaviest known, 
namely 500 inches. It also varies from month to 




moQtfa, betng j 
rain vbidi bib aa rook i 
half to thxee gtOpaa pv daj far cadi pcrooa.* m 
eompAred with tbe ordinaiy town aoppfj ol 30 to SO 
gats. Yet, bong, when mrefally colleetoj, ft vster 
naturallj -nxj saO, and tlieKlora spemllj soUad Cor 
wasLing, cooking, and teade nses, il » a great 
extravagance to allow it to wash the streets and flash 
the drains, which objects might be served equally 
well by Eurface or sea water. One of the grest diffi- 
culties in sewage dispoea] ia the needless rolome 
which is received at the woii:s in periods of rain, 
especially vhen pumping is required. The dilution 
should be effected, not by the imcertain rainfall, but 
by properly arranged flnshing tanks, in vbieb again 
sea water or any common surface water coold be 
used. 

In country booses, the rainwater can be received 
in a special automatic separator (Roberts') lixed to the 
end gutter of the bouse, eo tbat ibe Urst dirty rain 
that falls is rejected. The collector consists of a 
movable bucket, which does not recover its [loaition 
after the rejection of the first washings, and allows 
Ihe subsequent nearly pure rainwater to bo gathered. 
It the object be, aa in certain outlying districts, such 
as the Western United States and South Africa, to 

• Tha following rula is appriiiimaM ; Area of roof in »q. (t, x 
umual rainlull iu £t. -;- 100 = supply in gallons por day lot ■ vory 
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collect all available rainfall without loss by evapora- 
tion, high-pitched roots and non-ahsorbent materials 
should be adopted. Slates are the cleanest materiiil, 
and absorb only about 1 per cent, of the water falHiig 
on them, if they are of good quality, Bangor slatea 
being the beat ; whereas tiles, beBides being hea\'ier, 
take up h'om 3 to 18 \Kr cent. In the freight to 
distant countries the advan- 
tage of lightness in slate 
lias also to be taken into 
consideration. 

The " Patent Standard 
Evaporometer " of Speucer 
P. Pickering, F.R.S., is de- 
vised for dnectly nieasuruig 
the volume of water evapo- 
rated from a moist surface : 
A framed sheet of blotting- 
pajier is provided with a 
tongue which dips into dis- 
tilled water in the vessel 
beneath. The side tube is 
graduated to indicate the units of volume evapo- 
rated per imit area of paper exposed. It is made by 
Caaella (Fig. 19). The rate of evaporation is an 
important factor in reference to the loss of water in 
reservoirs. Tables of evaporation are of verj- httlo 
value, as there are so many disturbing influences, 
such as the direction and force of Ihe wind, the 




Fig. 19. 
Pickoriiig'a Evaporomclor. 
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character of the soil, influence o£ vegetation, &o., that 
the result is of very local application, and should he 
determined specially for each place and time. 

Surface Water. — It must be distinctly understood 
that the whole of our supply of trcHh water, or water 
fit for drinkiiiR, eoraes originally from rain. Of thia 
about one-third is lost by evaporation — i.e., dries up^ 
and eventually comes down again from the clouds. 
Another third sinks into the ground more or less 
deeply, and the remaining third runs over the surface 
as streamlets, which unite to form rivers, As it sinks 
into the soil, water, which is almost a univetBal 
solvent, takes up the soluble matters which it meets 
with, and becomes, according to the distance to which 
it penetrates and the character of the rocks which it 
traverses, roore and more a solution of the earthy 
constituents, and further departs from the purity of 
rainwater. But in its underground course it under- 
goes a process of natural filtration : solid matters of 
an objectionable character are gradually sifted out, 
and the extent to which thia natural purilicatiou 
has gone makes the difference which is recognised, 
although sometimes it is hard to deline, between 
surface waters, ground or subsoil waters, deep waters. 
and springs. 

Surface water is generally that which has pene- 
trated the coarse alluvial gravel or drift which in 
most r^ions overlies the solid strata. It is easily 
obtained by a shallow well, and in the extension of 
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London in former timea, aa is shown by early maps, 
was 80 entirely a source of supply tLat the popula- 
tion followed the porous strata or beds of gravel, and 
left at lirst uiiinhabitbd those districts which wero 
underhiid with clay. 

But the danger from surface water only filtered 
through a tew layers of gravel, and therefore in- 
sufficiently filtered, became more pronounced when 
the population grew, and the amount of excrementi- 
tiouB matter soaking into the soil became greater, 
until at last the surface water in inhabited districts 
was actually a mere solution of the sewage that had 
Boaked into the soil from the countless privies and 
cesspools, and was capable of transmitting over a 
large area any disease that might be prevalent. 
This fact, which has been repeatedly proved in 
numerous epidemics, led to the closing of shallow 
pumps and wells in towns, even when, as occurred 
in some cases, they were actually popular from their 
bright and sparkling character^qualittes which, as 
already shown, are by no means inconsistent with 
serious and dangerous pollution. 

Even in the country, the surface wells of farm- 
houses are mostly for convenience placed in close 
proximity to piggeries, middens, and other sources of 
pollution, and every analyst knows that among these 
shallow well supplies one meets with waters of the 
very worst type. 

For these reasons surface waters, and what are 
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called " land springa," aa a class, are to be rejected as , 
nnsafe for potable and culinary purposes. Great care 
must also be exercised to exclude such water from deep 
wells and reservoirs. The means of doing bo will I 
further considered. 

Upland surface tratera from moors or monntain 
streams are, on the other hand, almost free from 
animal pollution, and where Ibey have risen and 
flowed over the older rocifs, like granite and slate, 
they are also peculiarly soft, or free from lime and 
magnesia salts, not having had time to dissolve 
much solid matter from the soil, but Ihey frequently 
contain much vegetable or peaty matter. Among 
these some of the purest natural waters are to bo 
found, like the Glasgow and Manchester aupplies, 
and the proposed London supply from Wales, The 
amount of dissolved solids in the upland sui-face 
waters was found in a series of nearly 200 analyses 
by the Rivera Commission to vary from about IJ to 
3 parts per 100,000 from tlio igneous rocks, to 
about 16 parts from shalea and sandstones, and 
reached as much as 77'5 parts in waters from 
chalk and limestone hills. The latter, of course, 
would possess considerable hardness. The small 
amount of organic nitrogen, as well as the almost 
entire absence of nitrates and chlorides, proved the 
organic matter present to be of vegetable origin and 
to be the drainage of uncultivated land. Where 
cnltivatinn occurs and manure ia used the water 
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approximates to the eonstitation of lowland drainnRfl, 
of rivers, and of shallow wells. In some towns on 
the Tees, where human niannre was extensively 
distributed to fertilise the upland districts, the whole 
water supply became so contaminated as to cause 
serious epidemics of enteric or typhoid fever. 

Another example of this is described in the Local 
Government Board Report for 1892-3. In 1891 enteric 
fever attacked llotherham and two adjoining districts 
in South Yorkshire. It was proved to be almost 
confined to those portions having a certain high-level 
water supply derived from a gathering ground of 
2,200 acres and two springs. The greater part of 
the gathering ground is cultivated, and tauch of it 
was found to be covered down to the very margin of 
the streams threading their way to the reservoir with 
manure, in which human excreta were detected. Dr. 
Klein, in a bacteriological report, stated, " that the 
water is most probably polluted with eserementitious 
matter," For this reason at Bury and elsewhere 
the policy has been pursued of buying up the farms 
on the watersheds wherever possible, with the result 
that the gathering grounds can be cleared of human 
habitations and freed from any likely sources of 
pollution. It is obvious, however, that unless the 
policy of cleaving the watershed were thoroughly 
carried out it would be a delusion, and would not 
obviate the expense and necessity of 8ubse<iuent 
""'ation. In most cases, compulsory powers from 
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Parliament \i'ould have to be obtained, as tbe short- 
sigbted opposition of local landowners is often 
estreme, and tbeir demands exorbitant. 

Tbere is a serious local objection to tbe appropria- 
tion of a large part of the water of an upland surface 
for tbe use of large cities ; thus tbe new scbeme of 
London water supply from Wales bas been objected 
to locally, on tbe ground tbat the Wye and the Ub1( 
would lose a considerable quantity of water, tbe supply 
to Bu*min<;ham would be afTected, and tbe salmon 
fisheries o! both rivers injured. It will be seen, 
however, that a very great reduction could be made 
in tbe waste that occurs in the water supply of towns, 
and that by using tbe purer mountain water exclu- 
sively for drinking, and employing orduiary waters for 
washing, trade, and sanitary purposes, a much less 
demand would be made on the upland area, and the 
objection would disappear. 

When springs are cut off from a river, the quantity 
ol water thus abstracted must be compensated by the 
construction of reser^'oirs sufficiently large to keep 
up tbe flow of tbe river during the dry season, as is 
the practice with canals, 

(Note. — The volume of water absorbed and evapo- 
rated on a gathering ground varies considerably, so 
that tbe general statement, p. 69, which is true as 
regards the Thames and Seine, is not by any means 
of universal application.] 



OHAPTEK IV. 

SPRINGS AND WELLS. 

All porous tnateiials that are wetted by a litjuid are 

capable of retaining it in their interaticew by " capillary 

attraction," just as a Bponge doee, and in the same 

way, when they are saturated, will allow the excess 

to drip out, and when they are compressed will give 

up a further quantity according to the pressure. The 

same is the case with rocks: sandstone, sand, and 

gravel* will absorb, as a rule, about one ijuarler 

ot their weight of water without allowing any 

to flow out by giavity before they become saturated. 

If, afterwards, uny further quantity of water flows in 

at one end a corresponding amount flows out at the 

other. But there are certain soils, such as clay, 

which do not allow water to penetrate them readily, 

and are known as "impervious strata." If rocks 

were laid horizoiitiiUy, the one-third of the rainfall 

that permeates into the ground would be stopped by 

a layer ot clay, and would form an underground 

reservoir of what has been called "ground water." 

But the internal forces acting in the body of the earth 

■ The ordinary idea o£ " cock " la somethiDg compact and harii, 
but geologically it is mora coiivtnioDt (a speak of oU fontiationa nf 
the earth's crust aa rooks, and eucb is the usiTersol oiutom in 
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have twisted and bent the strata into corves, which 
are called aniirUnal when the sides descend away 
from one another, Uke the letter A, and s;indhial 
when they slope towards each other, Uke a Vj the 
highest and lowest points tracing respectively an 
anticlinal or synclinal axis. Tlie angle made with 
the horizon is called the dip, which is expressed in 
degrees, and also described as eust, west, &c., accord- 
ing to its bearing. The subsequent action ol water 
in denuding or wearing away the upper portions of 
the rock leaves the synclinal curves as basins, with 
the edges of the strata exposed at the surface. The 
line of emergence of o stratum at the surface is called 
its Kulcrop, and its direction the strike. The outcrop 
on a flat surface coincides with the strike, but this 
relation is much disturbed by inequalities on the 
surface, bo that the outcrop becomes a sinuous or 
wavy line. Eain falling on the upturned edges of a 
porous bed, such as gravel, descends till it meets 
with an impervious or saturated layer. It there be no 
outlet the entire stratum becomes in time saturated, 
and is then said to be waterlogged. But in eases where 
a valley has been cut, by a river or by prehistoric 
glaciers through a lower portion of tiie beds, the rain 
that has entered above escapes at the lowest level as 
BPRINOS (Fig. 20). 

Along the South Coast ui places near the sea- 
level at the base of the chalk, considerable volumes of 
water escape into the sea, derived from the rainfall on 




the Weald, and t h b en s ggeated b such wa er 
might be rende ed a a ab e no on y as a p esen 
for the seas de wn hen n a ed but even as 
Bupplement o he m op an upp y 




In other cases where the side of a synchnal curve 
has been worn away unequally, the body of water on 



Fia. 21. SpiingB in syncliud, 

the longer slope will appear as springs on the lower out- 
crop (Fig. 21). During the passage of the water through 
the rocks it dissolves a number of their mineral con- 
stituents, aeaisled greatly by the carbonic acid ^hJch 
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it has absorbed from the atmosphere, and by that 
which has been formed by the oxidation of organic 
matter derived from the surface. In this way it may 
become saHue or hard, aerated or chalybeate, ac- 
cording to the composition of the strata it has 
traversed. This solvent action on elmlk and lime- 
stone frequently excavates underground channels and 
large caverns, which in many cases constitute natural 
subterranean reservoirs of very considerable capacity. 
Occasionally rivers in cretaceous districts disappear 
in a "swallow hole" of this kind and reappear at a 
point some distance further, as is the case with the 
Mole near Dorking and other rivers. Such an 
appearance may sometimes be mistaken for a spring', 
but its composition will generally reveal that it is 
really a surface watei-. 

Another condition almost necessary for the forma- 
tion of undergiound reservoirs of water and of 
springs is the inclusion of the porous water-bearing 
strata between upper and lower layers of an imper- 
vious material like clay, heavy marl, or shales. The 
weight of the superincumbent water often causes the 
spring to emerge with considerable force, as at the 
fonntain of Vaucluse and other places. 

In its transit through the porous rock the water 
will undergo a natural filtration, wliich will be 
proportionately complete according to the distance 
traversed and the rate of progress, which will in its 
turn depend on the fineness of the filtering strata. 
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At the eame time, by oontact with dissolved oxygGn 
and by the action of the bacteria which it gathered at 
its first entrance into the soil, the organic matters 
will be decomposed into harmless mineral substances, 
like ammonia and carbonic acid, which are often 
present in considerable quantities in moderately deep 
ur subaoil waters. Later, the ammonia is oxidised into 
nitrates, the bacteria and all suspended particles are 
removed, and the water emerges as sjirings or remains 
as deep water to be reached by boring, in either case 
being clear and bright, and almost absolutely free 
from geiTiig and organic matter. For this reason 
spring water has always been considered to be an ideal 
supply. But, inasmuch as mere mechanicat filtration 
cannot remove the dissolved mineral constituents, 
many springs, especially in Gault, Greensand, and 
New Eed Bandatone, are so charged with salts of soda, 
magnesia and limo, or so impregnated with iron, as 
to be quite unfitted for drinking. 

In Hertfordshire and Surrey an exceptional rainfall 
results in the formation of "bournes," or the out- 
break of springs in places where the water level, 
in permeable rocks, is usually at some depth under- 
ground. Rapid streams arise in valleys usually dry : 
the water is often of considerable organic purity, and 
would probably pay tor storage in small reservoirs on 
the South African principle, in this way also avoiding 
. by floods. 

of two classes, lano sfrinqs and deep 



J 
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SPRINGS ; the former are mostly found on the face of 
, and are caused by the outcrop ol the im- 
pervious floor, of clay, tor instance, which hinders 
the water from descending further. Deep springs 
may arise from fissiirea in the impermeable strata, 
which allow the water in the layers heneath to rise 
to the, surf ace. 

The former class frequently become dry in periods 
without rain, and consist of surface water more or 




FlQ. 22. Fault cuUiut( ufi bpriiigs Ii't 



less filtered and oxidised. Deep springs are nearly 
always permanent, and jieM water free from 
organic impurities if surface di-ainage haa been 
escluded. 

Owing to upheaval and depression, the rocks have 
frequently experienced dislocation by cracks or faults 
which often interrupt the strata and throw them tor 
great distances out of their level. A continuous line 
ol springs often reveals the presence of a fault 
(Fig. 22). The course of the underground water may 
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also bfl cut off or diverted by this cause, as sbowii 
at D, 80 that the final lowest outcrop of the original 
water-bearing strata may be totally devoid of epringa. 
Moreover, the underground current may pass to 
great depths, and even to points horizontally tar 
remote from where it penetrated, particularly in the 
mountain limestone and in chalk. Therefore, in 
aeelving tor water geological maps and sections must 
be consulted, particularly as to the occurrence of 
faults. 

In regions imperfectly exjilored tiie surface must 
be carefully inspected tor outcrops, and all natural 
sections which may he revealed at the sides of 
valleys and precipices must be examined to ascer- 
tain the nature and dip of the strata. A. line of 
springs at the side of a valley may often be 
traced by a strip ot marshy land or by the extra 
greenness of the herbage, marking either a natural 
outcrop or a fiiult. ^^ueh a junction of the strata 
should be followed across the country, and sink- 
ings or boringa made in portions ot the Une that 
showed no springs might be expected to tap hidden 
Bour cs ot supply which had not risen to the surface 
owing to less pressure or less permeability of the 
strata. 

Faults are more difficult to trace, and would 
^pquire the assistaiico of a geological map or of 
' 'need geologist, but they frequently in- 
inean spaces or pockets in which large 



qufintities ol water have accumnlated. They are 
marked iu yeological maps by straight or curved lines 
on the opposite sides of whicli the strata are inter- 
rupted or broken. Tlie (iip3 are denoted by arrows 
showing the direction in which the beds slope down- 
ward, and a figure to show the angle to the horizon. 

The proportion of water held by a roek or soil is 
often much larger than would be supposed. It baa been 
stated that a square mile of SHodstone 180 feet deep 
oontaina water tuffident to maintain a flow of a cubic 
foot a minute for more than thirteen years, as the 
average content of porous soils when saturateil is from 
25 to S3 per cent.; this estimate is a low one. The 
quantity cannot he well judged by the feel or appear- 
ance, aB it dependa almost entirely on the state of 
aggregation. 

It ie estimated by steeping a weighed dry sample in 
water for some hours, removing the loose water, and 
again weighing. Loose sandstones have been found 
to absorb 4 to 2!) per cent., chalk 10 to 25 : clay and 
loam retain more, increasing with the tineneaa of the 
particles. 

Permeable rock below the permanent water level of 
a district may be regarded as a reservoir of which the 
cubic contt-nt is limited by the size of the spaces 
between the grains and the width of the fissures and 
cracks by which the rock may be traversed. When 
water passes directly through Hueh fissures and cracks 
and does not percolate, as iu the Carboniferous 
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Lintestone, it is often mere imparified surface drainage. 
It was given in evidence liy Professor Boyd Dawkins, 
at a Local Government Board inquiry at Coventry, in 
1896, that fissures in the Permian rock might account 
for coutamuifttion of the corporation well by the 
polluted waters of the river Sherbourne, distant half 
a mile away, and analyses by the author seemed to 
confirm such view. Shingle and gravel always contain 
water, which, however, is often brackish from old 
marine strata, even at distances from the sea, and in 
inhabited districts is generally contaminated hy surface 
drainage, except at gi-eat depths. In some places on the 
sea-shore fresh water can be gathered from the shingle 
directly the ebb tide has removed the layer of salt 
water. A great number of Continental cities, such as 
Paris, Vienna, &c., are supplied by springs, also a 
number of lities in the United States, esjiecially in the 
west. Such supplies generally require to he brought 
from a great distance, but if the conduits are well 
made and properly protecled, the espense of filtration 
is obviated. 

The best spring water is that which rises from 
granitic, Jurassic (oolite), and cretaceous strata. 
That from gypseous, saline, pyritoua, anthracite, 
bituminous, or clayey beds, or from deep alluvial 
deposits like the " dirt bed " of the South of England, 
is almost invariably of bad quality. If a spring 
augments in volume during winter or after rains, or if 
its temperature shares the fluctuation of the seasons, 
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it ia to be looked upon with suspicion as being wholly 
or partially fed from the surface. 

Spring and deep waters require to be guarded with 
special care on the way t« the consumer, as they furnish 
a medium in which adveutitioua germs very rapidly 
propagate. 

Where a water Biipply ia taken from springs, it ia 
necessary, in order to avoid the risk of pollution from 
manured land, that each spring shciuld be protected 
to the source, and proper intake works constructed 
with a watertight conduit from each intake, and that 
sufficient land should be acquired round each spring 
to secure the water against pollution by surface or 
subsoil drainage. 

The divining rod, virgula dicina, banUuB divina- 
lorius, or in French baguette, allied to the caduceus 
of Hermes and to the rod of Aaron, is still used in 
exploring for underground water. In the Middle Ages 
it was relied on for the detection of criminals as well 
as for finding buried treasure and running water. It 
had various forms, as seen in the annexed illustra- 
tions (Fig. 28). It is believed to have been trans- 
mitted from the Mongols, through Hcythia and the 
Tartars, to the Persians and Jews. It is said to be still 
in vogue in Pennsylvania for petroleum, and in Corn- 
wall for metallic lodes. But in these practical times, 
when still employed, as it ia extensively for the dis- 
covery of springs, it appeals only as a kind of scientific 
instrument, depending on some yet unexplained force 
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FiQ. 23. Viuioas torma of divining rod (Baring Oonld). 
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oF uattire. 7uBt as the magnetic needle moves towards 
iron always, but towards co[iper only wlien carrying a 
galvanic current, a fact which we cannot really explain 
further than by calUug it a " property " of iron, bo it 
is perfectly possible that a rod in the hands of a 
specially sensitive individual may move under the 
"induction" of running water. That water in an 
immense number of cases has been found by means 
of the " divining rod " admits of no doubt. De 
Quineey affirmed that he had repeatedly seen it applied 
with success. Lord Wiuchilsea writes of a well-known 
'■ dowser," or watt-r-finder, in Wiltshire : " First he cut 
a forked twig from a living tree and lieli it in his hands, 
one fork in each band, the centre point downwards 
and the two ends protruding between bis fingers. 
Stooping forward, he would walk over the ground to he 
tried. Suddenly he would stop, and the centre point 
would revolve in a halt-circle until it pointed the 
reverse way. This he stated to be owing to the 
presence of a subterranean spring, and further, by the 
movement of the twig, he could gauge the approxi- 
mate depth. My brother (Hon. H. Pinch-Hatton) 
and I e-ach took hold of one end of the twig protruding, 
as stated above, and held them fast while the pheno- 
menon occurred, to make sure that it was not caused 
by the movement of the man's own hand or fingers. 
The tendency to twist itself on the twig's part was so 
great that on our holding firmly on to the ends it 
split and finally broke off. The same thing occurred 
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on a bridge while Btanding over a running stream. 
Stagnant water BeemB to have no effect on the twig." 
Other crucial tests being applied, "all iiresent con- 
sidered the trial satiBfactory in every way, and it 
certainly was conclusive of two things : first, the mau'a 
perfect good faith ; secondly, the effect produced on 
the twig emanated from a power outside himselE, and 
appeared due to the presence of running water." 
Similar testimony is given by Lord Heytfisbury, the 
Earl of Jersey, Col. "Wilson (who found the power less 
rare tlian is commonly supposed), and many others. 

Another successful water-hnder states that he is 
only affected by running water, and quite passive to 
stagnant. He says that "various kiniis of wire or a 
watch-spring answer the same purpose as a twig or 
rod. A large number of people have the power to a 
certain extent. ... I now use my hands alone, 
holding them out with palma towards the earth. I 
reckon the rod as an instrument only, and that the 
power itself is in the person." 

The I'ev. S. Baring Gould, in an interesting paper 
on the divining rod in his Curioiie Myths of the 
ijidilli! Ages, from which the illustration on p. 84 
is taken, says that be found it impossible to accom- 
plish rotation of the rod at " ill. 

There is no doubt that the employment of a 
'=r-finder" has in a large number of cases led 
flB, although in numerous cases they have 
failed, and the auditors of the Local 
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Governmont Board have recently disallowed their fees. 

If further research should discover a physical law 
underlying the process, its utility would become mora 
certain and extended. 

Testing for the Source. — When a water le proved by 
analysis to be polluted, it is often difficult to discover 
the origin of the contamination, which may sometimes 
be situated at a considemble distance. In the case of 
Ballard v. ToiiiUuson, 1884, the water in plaintiff's 
well at a brewery had been polluted and hia brewings 
spoilt by percolation of foul matter, through several 
yards of chalk, from a disused well which had been 
turned into a cesspit. Damages were obtained. 

Prof. E. Pfuhl has ascertained by direct experiment 
that certain bacteria could traverse iu one hour 
8 metres (26 feet) of gravel soil, further that the 
supply of a tube-well became contaminated by 
B. prodiifiosus when cultures of the latter were inserted 
into the surface 3'7 metres {12 fteL) from the top of 
the well (Zcit. f. JUhj., 1897, p. 649). Charaeteristic 
bacilli, \i,ke proditjioitis and rinlncfiis, have frequently 
been used with success for testing filters and leakages. 
Where the suspected source is accessible, a quicker 
method is to add a quantity of some easily recognisable 
substance, either in solution or suspension, and to 
look for it in the incriminated water. The wame process 
is of service in tracing the course of underground 
streams, leakages, &.c. Of soluble substances, common 
salt is the cheapest, and ia often aufficieut ; theamountof 
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the white precipitate obtained on adding nitrate of 
Hilvor will reveal any great increase of the chlorine. 

Lithium chloride is sometimes used, the quantity 
r6(iiiired varybig with the distance, rapidity of flow, 
permeability of the strata, A-c. It is shown by the 
crimson lithium flame or by the spectroscope. Of 
coarse the original water must be tested for lithium 
first, as traces are often present. 

Soluble strontium salts have also been snggested, 
as they can be recognised in the same way, but they 
have the disadvantage that they may be rendered 
insoluble during the passage. 

Fluorescin (CajHiBOs), an orange dye with a very 
strong green fluorescence, is one of the best agents for 
tliia purpose, as it is easily visible when diluted with 
many thousand times its weight of water, and an 
entire river may be coloured by a few kilogrammes. 
By its use underground communication was proved 
between the Danube and Auch, a auiall rivor which 
flows into Lake Constance. It only gives a coloration 
in alkaline liquids; therefore soda should be added 
with it. Magenta and other dyes have been employed. 
Prussian blue, bran, starch, or other finely divided 
solids, suspended in water, are used to ascertain 
whether the water has undergone proper filtration. 

An example of the use of salt and starch for this 

-"irpose was reported from Switzerland in 1872. The 

ge of Lausen was visited by a severe epidemic 

rphoid. Some time previously four cases had 
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occurred at an isolated faimhouse in a neighbouring 
valley, separated from Lausen by a mountain ol 
porous glacial moraine. It waa suspected that the 
spring supplying Lausen was fed by *he Fuhler brook, 
which ran past the farmhouse in the nest valley. 
Eighteen hundredweight of common salt was put mto 
a water-hole conneuted with this brook. In a short 
lime the chlorides in the Lausen water showed a great 
increase, and the water actually became brackish. 
Afterwards two and a half tons of Hour diffused in water 
were thrown into the hole, but no starch granules 
appeared at Lausen. Honce it was proved that the 
water had filtered through the mountain, and that the 
filtration bad been suflicient to remove the starch 
granules, but not the typhoid germs. Non -pathogenic 
organisma of easy identification have been used for 
testing the efficiency of lilter beds. A common method 
of proving pollution ia to pour carbolic acid or kerosine 
down privies or cess]>ool8 and seek for the odour in 
the well. 

When the source is inaccessible, as in cellars and 
other places, the water may come from a leaky hydrant, 
sewer, drain, or from a subterranean current. It will 
generally have passed through a considerable distance 
of Boil, and in " made ground " districts will have 
almost certainly suffered pollution by organic refuse. 
It ia necessary in such cases to first ascertain the 
general characteristics of the subsoil water of the 
district and of the public supply. As a nile, sewage 
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passing through moJerate thicknesses of soil does not 
materially alter in mineral constituents. So that it 
the polluted water contains more dissolved matters, 
and those of a character usual in sewage, than the 
general suppliea of the district, it may reasonably be 
inferred that a drain or sewer has added the im- 
purity. It is commonly sufficient to determine the total 
solids, chlorine, odour on heating, nitrates, and nitrites. 
An example is given by C. P. Kennedy, of Phila- 
delphia (parts per 100,000) :— 



pi'iy. 



Total Bolids.. 


115 


140 


66'1 


6i-0 


Odoui on heating.. 


Faint 


Paint 


Strong 


Urinous 


Nitrogun as nitrates 


007 


0-10 


0'3S 


Nona 


nitritpa 


None 


Present 


Preiic^nt 


Kone 



In No. 1 cellar a small quantity of water had been 
almost constantly present for a long time, of which 
the source could not be ascertained. Analysis shows 
it to be similar to the general w.iter supply, and points 
to its source being a leaky hydrant or pipe. Examina- 
tion of a hydrant on the adjacent property showed a 
leak, and when it was repaired the water in the cellar 
ceased. It had passed through twenty-two feet of earth. 
No. 2 suggested a leaky drain, and this also proved 
to be correct. As to No. 3, the liigh chlorine, odour, 
e of nitrates and nitrites, pointed to recent and 
profuse admixture with sewer water. This also was 
verified on examination. 
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Occasionally the indications are ambiguous, but 
when more samples are analysed to see the influence 
of rainfall, &c., unusual substances, like paraffin oil, 
soap, &c., sometimes appear, and afford a clue to the 
contamination. 

Wells may be of three classes : shulhir wells, fed 
by the surface water, and to be condemned in nearly 
all cases for the reasons already stated ; subsoil wdla, 
drawing the ground water from a greater depth ; and 
ileep u-ells, carried through tlie impervious strata on 
which ihe ground water rests int<5 the water-bearing 
strata below. It will be seen that the depth of the well 
will depend on the distance of the impervious strata 
from the surface (Pig. 24). 

Dip-tvelU are those in which the water rises to 
near the surface and can be ladled out, and are to be 




Fia. 34. Wells of diflerent depths due to a fault. 
distinguished from draw-wellB, where the water must 
be raised by a pump or bucket. 

A surface well drains an area which is greater the 
more the level of water is lowered by pumping, and 
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tlie greater the porosity o! the soil. The distance has 
been found by experiment to vary from fifteen to 160 
times the amount of depression. Thus overflow or 
leakage can enter a well from a distance that at first 
might appear eafe. Pollution has in many cases heen 
proved to have crossed ii road. A roadside well in 
Argyllshire, supplied by a spring from a lissure in the 
granite, was found by the author to contain large 
quantities of substances characteristic of animal con- 
tamination. No habitations were near, but on the 
hill above, about 500 yards away, were fields which 
were Ubcrally watered by Uquid manure. At Maid- 
stone, in 1892, " Hill's Well," 100 feet deep, was 
found to ba contaminated by the subsidence and 
consequent leakage of a sewer 500 yards distant. 
Well water has been observed to smell of disinfectants 
which have been thrown into neighbouring drains. 
Surface water without filtration is prohibited by the 
German Imperial Board of Health. 

Dr. Wheaton* traced an outbreak of typhoid at 
Quarry Bank to polluted draw wells constructed of 
loose blocks, close to houses and near leaking privies 
and drains. Country wells of this kind are daily being 
closed. In moat large towns this has been done, hut in 
outlying districts a great number are still tolerated on 
account of the difficulty of procuring a better supply. It 
was estimated in 1893 that there were still about twelve 



* Local Oovenuncnt Board Ropoit, ItiSb. 
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millioDs of people in Great Britain supplied with 
domestic water from shallow wells. 

Town pumps in the Middle Ages were the chief 
sources of the public water. It haa already been 
mentioned how the increase of population caused the 
soil to become saturated with sewage, and how, there- 
fore, the necessity arose that such sources, derived 
in nearly all cases from shallow wells, should, in the in- 
terests of health, be closed. Except in remote villages, 
street pumps have now almost entirely disappeared. 
On t^io Continent, particularly in Germany, tlie people 
still draw from the public fountains; these in the 
majority of cases, being fed by deep springs, are free 
from objection, e.xcept from the danger of the spread ot 
infectious disease by the use of imperfectly cleaned 
vessels. In the East the public wells are centres 
of population, and their possession is of supreme 
importance. For example, in the Soudan campaign 
of 189G the Murat and Ambigol wella wore the first 
points seized and strongly held. The water of most 
of these Nubian wells, or rather pools, is brackish, 
and has a sulphuretted smell ; but some rock cisterns 
give a small supply of pure water, which is supple- 
I at times by water sent up from the Nile on 
The taste and odour iuiparted by the skins 
in which water is commonly transported in the East 
are highly unpleasant, but do not seem to be injurious. 

Subsoil or grtnind water is eurfaee water which has 
percolated to a depth of about thirty feet through the 




alluvial gravel and sand which in many cases ovorlio 
the hed rock or floor of I'lay. It contains consider- 
ahle amounts of nitrates and chlorides derived from 
previous sewage contamination (p. 272), but in itseli is 
generally innocent, though, like river water, it requires 
to be carefully watched. Dr. Koch considers it entirely 
suitable for drinking, and the town supply of Frankfort 
is derived from the subsoil water of an extensive wood, 
which is carefully kept free from habitations and other 
sources of contamination. But in the neighbourhood 
of large cities such care could hardly be exercised on 
account of the value of the land. The extraction of 
subsoil water often effects a remarkable improvement 
in the health of a locality by removing the dampness. 
The " line of saturation," or water-line, is the level 
at which the water stands, and to which it will rise 
in wells, in any water-bearing stratum. If the water 
were perfectly free to move this would be a hoiizoubil 
line at the level of the lowest point of escape ; but 
by the resistance of the rock or soil it is raised into 
a straight line or curve sloping upwards to the point 
of entry of the rainwater at the outcrop of the 
strata. In the London basin the highest point is 
the outcrop of the Gsult clay below tiie chalk near 
Tring, in Hertfordehire. Thence it runs in a elightly 
curved line to the Thames near Lewisham, more 
or less disturbed by two intersecting faults and by 
some inequalities in the clay floor. Where, as at 
Watford the surface lies below this line, springs, 
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are freqneat (Fig. 25). Although the main : 
of the Baturation line can ba deduced from geo-" 
logical sections, the actual details can only he worked 
out by observations of existing springs. The smaller 
apringa of a district which run over beds of an 
impermeable nature may often be at a biyher level 
than the general saturation line, but the lower end 
of this Ime is always found at the high-water mark 
of the main river or lake of the district, or at the 
level of the sea. 

When a well or boring reaches below the saturation 
line the water will stand at that level, only aEFectrd by 
pumping, which will lower the line for a considerable 
distance round. The effect will then be to exhaust 
the neighbouring wells, and if it continues at a 
rata faster than the incoming rain can percolate the 
whole stratum will be depleted. It is therefore 
necessary to leave periods of rest. It is a singular 
fact that in London, Saturdays, Sundays, and holidays 
are recorded by the higher level of the water in the 
great brewers' welts. When more water is wanted there 
is no advantage to be derived from deepening a well 
beyond the chance of opening info fissures or new 
strata ; it is better to drive horizontal tunnels, or 
"adits," to extend the area of connection, and also to 
form an underground reservoir to make the supply 
more constant. These adits, or " headings," may be only 
Lborings from three to twelve inches in diameter ; they 
7 increase the yield and regularity of a well. 
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Two of the artesian wella at Trafali^ar Square, which 
supply the Hoiisea of Parliament, are connected by a 
horizontal tunnel 400 feet in length, which forms a 
reservoir with a capacity of 112,000 gallons. It must 
be remembered that an injunction and action for 
damages may sometimes lie against the sinkers of a 
well if the operations cause a loss or deviation of water 
from any well-defined channel, although there ia no 
right to underground waters. (As to sinking and 
lining wells, see Mansergh's Chatham Lectures, 1880, 
and Swindell on " Wells and Well-digHi"g," 1891.) 

In e\'ery case the greatest care must be taken by 
properly cementing the bricks inside and, if possible, 
hy coating them with tar outside, to exclude the 
surface water. The lining must also be inspected at 
intervals, and any cracks filled up. The upper portion 
is often made of a succession of lengths of iron tubes 
screwed or jointed together with a watertight packing. 

It is now possible to obtain large earthenware pipes 
of three and a half feet diameter with an internal 
flange to facilitate sinking. Where such pipes are 
carefully jointed together by cement and used for the 
upper fifty feet of a new or old brick well, security 
against surface water is generally as^iurecl. 

Artesian icelh are drilled through the rock by a 
boring machine, and are generally lined by lengths 
of iron tube screwed together. The water sometimes 
rises to a greater height under rock pressure caused 
by faults than can be accounted tor by the probable 
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The gro^^H 



head of T&ter in neighbouring hills. The i 
force with wliieli the water often at first isaaes ig 
probablr caused b; compressed gases. In Fig. 26. 
the outer wells require pumping, while the centre one 
will rise above the surface naturally, (i h being the 
line of saturation. The well at Crenelle is 1,798 feet 
deep, and gives 316 gallons of water per minute. One 
et St. Louis, U.S..\., is 3,843 feet deep. Deep wells 
jield water of great organic purity, but often of high 




liardness, as m the Kent Water Company's supply from 
deep wells in the chalk. G. Webster sotne years ago 
proposed to supplement the London water supply from 
borings in the chalk near Rickmansworth. From 
five wells sunk in this district a yield of about 
10,000.000 gallons of pure water was obtained daily. 

The artesian wells of Dakota, U.S.A.. are, perhaps, 
the most remarkable examples of their kind which 
have ever been opened, both as regards the pressure 
and the volume of the escaping water. More than 
100 wells, from 500 feet to 1.600 feet deep, are at 
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present in successful operation in the district north of 
Yankton, and they yield a constant streniu of water, 
which is apparently never affected by any of the 
surrounding influences. The pressure of the water is 
abnorraally high m many instances, and up to 180 
pounds per square inch has been registered by the 
gauges. The power is utilised in the more important 
towns for water supply, for protection from tire, and 
for driving machinery ; and a very considerable saving 
ii effected by the adoption of hydraulic apparatus in 
place of the sleam engine. Artesian wells on up- 
country farms in Australia have been attended with 
considerable success, yielding at 1,500 to 2,000 feet 
constant suppHes of 2,000,000 to 4,000,000 gallons 
daily, and thereby converting a waterless counti^ into 
one supporting thousands of cattle and sheep. 

At St. Denis, near Paris, there exists a well that is 
rather more than a curiosity. In smiting, three con- 
secutive water-bearing strata were found actually 
representing the shallow, subsoil, and deep supplies. 
It was decided to sink three concentric tubes, the inner 
one to the lowest source, the middle one to the nest, 
and the outer one to the layer next the surface. Thus 
three separate waters were obtained from different 
strata. The lowest was the only one safe for drink- 
ing purposes, but the others were suitable for technical 
use. The experiment opens out possibilities in sinking 
an artesian well of using by concentric pij^s the water 
from upper layers for ordinary non-drinking purposes. 
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DriL-eii wells are ckimed to be an American iiiven- 
tioQ. The idea is said to have originated from BOtne 
successful attempts made by the soldiers during the 




Fiu 27 Dn ing ft Cube well 

Civil War to obtain water by driving gun-barrels 

into the earth. Norton's tube-well was first es- 

naively used in the AbyBsinian expedition, and in 

Nile and other expeditions since. It is di-iven by 
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& ring weight, which is raised and allowed to fall 
(Fig. 27). When one length of tube is driven another 
length is screwed on, until the water is reached. More 
than 2,000 years ago the Chinese bored for water 
in much the same way, and erected water-towers 
when the pressure from the bore was not sufficient. 

Dr. Koch (Zeitschrift fiir Hygiene, siv., 1893) has 
recently condemned all brick wells as "irrational and 
dangerous, on account of unavoidable fissures in the 
walla, because they are always open or insufficiently 
covered, and, lastly, because laundry operations and the 
washing of utensils are often conducted at then- margins, 
whence infective matter might easily find its way," 
But each of these faults could be easily obviated, 
except, perhftpB, the permeabihtj of the walls. The 
mouth should be raised, and the wall carried about 
a foot above the surface. Ho proposes that an ii'on 
pipe should be inserted and the well filled up with 
gravel and sand, while the pump should be placed 
_ at some distance off and connected by a properly 

■ protected pipe. 

^1 Tube-wells have two great advantages : they are 

^1 cheaply driven, and the tube, in case of failure to find 

H water, can be taken up and sunk in auother place. 

^1 Of course they will not penetrate hard rock, which 

^1 can only he pierced by a percussion drill, as used for 

^1 an artesian well. They are especially suited for loose 

^1 gravels and sand, which are difficult to deal with in 

H ordinary well-sinking operations ; and if properly 
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screwed together the tubes effectually exclude surface 
water. Besides frequent extiminations of tlie borings 
brought up by the drill to ascertain tlie i-haracter of 
the strata, at intervals an analysis should be made 
of any proniisijig supply of water reached in regard 
to its purity and constancy of composition. Kapid 
variations either in the volume or constituents 
indicate that the underground source is neither 
permanent nor copious. The author waa recently 
consulted as to a tube-well driven through sea-aand 
and gravel at Netley. The high percentage of salt 
in the water at once indicated a serious leakage of 
sea water into the tube. Greenwell and Cui-ry* state 
that a thirty-foot tube-well can be driven for a total 
cost of about ±'10. 

P. Griffith (Society of Engineers, May, 1896) has 
given a detailed description of borehole and other 
pumpa which have recently been employed, and of 
various modem provincial waterworks. 

In the history of Eastern nations, the sinking and 
protection of wells constituted an aU-important part 
of tribal existence. The oases of deserts were ori- 
ginated by natural springs, but towns and villages 
centred round wells, most of them dug in the rock, 
but many in looser strata were constructed with 
sometimes elaliorate timber or brick casings. Con- 
tests often occurred as to the possession of these 
wot Is, such as the one between Abraham and 
milon : Crosby Lockwood k Son, 
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Abimelecli (Gen. xxi. 25). An invading army gene- 
rtUly destroyed or filled iu the wells; the defenders 
Bometinies poisoned tliem. This hitter practice is 
now forbidden by nniversal consent in the articles 
of mar. Large quantities of water were required to 
be raised for the use of man, of the numerous flocks 
and herds, and for the irrigation of the pastures. 
The simple rope and pitcher was at an unknown 
date improved upon by the windlass, which is said to 
figure in some Eyj-ptian inscriptions. Afterwards a 
string of buckets on a chain was adopted, and later 
on other appliances, such as the lift, force, and 
centrifugal pumps. 

The so-called Joseph's well at Cairo, which is 
probably over 1,000 years old, is a marvellous 
example of early well engineering. It is cut in the 
solid rock to a depth of 2i)7 feet, and raises the water 
in two stages by means of an upper and lower system 
of buckets worked by oxen at the middle and at the 
top. A spiral way winds round the upper shaft to 
allow the oxen and labourers to gain access to the 
middle chamber. 

It must not be forgotten that an increase in the 
amount of water raised from a well, by enlarging the 
sphere of collection may alter the quality, so that 
periodic analysis is desirable. 
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Since one of the most elementary necessities of lite 
is water, the proximity of a water supply is always a 
deteiTaining factor in the choice of a locality for human 
habitation. Great regiona in the Asian, African, and 
American continentB, and the vast extent of Central 
Australia, owe their deserted character primarily to 
their dryness. Large cities have usually been estab- 
lished somewhat inland from the mouths of rivers, in 
order to be in reach of abundant fresh water. Where 
tor protection, or tor mining reasons, habitations have 
been constructed in high places, they have either been 
in the neighbourhood of a mountain lake, like the city 
of Quito, or have depended on wells sunk in the rock. 

Ab the area ot cultivation extended, migration 
proceeded up the smaller rivers and streams, outlying 
districts being supplied by shallow wells sunk in the 
surface gravel of former river-beds, or in favoured cases 
by springs. The only contamination to Iw ordinarily 
met wi:h in drinking water then arose from suspended 
mineral matters or from decaying vegetable debris. 
The former were dealt with by simple subsidence or by 
:rude sand filtration ; the latter is still a difficulty in 
"'irest regions, especially in the tropics, where dysentery 
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and fevers attend the uae of marshy waters. Malaria, 
which signifies "bad air," has been attributed to bad 
water, as travellers who have boiled or properly filtered 
the water have escaped infection, but it is now known 
to be frequently communicated to man by mosquitoea. 
At a very early period, lakes and pools and rivers 
were subject to contamination by the visits of animals, 
many of whose parasitic diseases are known to be 
communicable to man (p. 58). But as the population 
in certain dialricts grew denser the quantity of water 
used and fouled became progressively greater. At 
first only the water used for domestic purposes, cooking, 
and ablution found its way into the streams, the 
excreta being disposed of in dry earth in the primitive 
manner still common in the East ; but as the population 
augmented the contamination of the soil increased. 
At first the greater part of the polluting matter was 
consumed and rendered harmless by vegetation, just 
as a properly managed sewage farm will deal with the 
excreta of a district ; but with the aggregation mto 
villEiges and towns the upper layers of soil became 
saturated with escrementitious matters, which passed 
without appreciable purification into the water of 
surface wells. The neighbouring streams were polluted 
by drainage, and in their course joined with the other 
affluents in carrying the diluted sewage of the towns 
and villages into the rivers and thence to the sea. 
A considerable amount of purification took place in 
transit by deposition, oxidation, and aquatic life; but 
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tbis became less and le^is effectual ob the proportiou of 
discbarge increfised. A further element of impurity 
was added by the advent of manufactures, the effluents 
from dye-works, breweries, and other industries being 
discharged into the streams. By these combined 
causes the water in moat populous districts was ren- 
dered unfit for consumption, and new sources had to 
be sought for at a greater distance. In 1894 the 
Seine was so polluted near Clichy that Dr. Billings 
observed, " Bubbles of gas from the putrefying slime 
at tlie bottom escaped from the dark surface, and no 
fish could live in it " ; tbe sewage, in fact, was under- 
going its bacterial ehaiige. 

Dr. Bruce Lowe's recent report to the Local Govern- 
ment Board ou the examination of the Dee above 
and below Chester shows that he and Dr. Ballard 
found that " the raw sewage of several large towns 
was poured directly into the Dee, and that pollution 
of the stream below the weirs could be carried by 
the tidal wave into close proximity to tbe Chester 
waterworks intake. The water was so polluted as to 
destroy tbe fish that came up the river," They con- 
cluded that "a stream receiving such contaminations 
could not be regarded as a safe source of public water 
supply, even if be'ore it was delivered to tbe public 
it was subjected to the best ijrocess of sand filtration." 

It will be within the memory of many Londoners 
how black and olTensive the Thames was formerly 
lietween the bridges. Since 185!) the Main Drainage 
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acheme and the embankniGnt of the Thames have iia- 
mensely improved the condition of the river, bo that 
fish that could not formerly live in the foul water 
have now been noticed as high as Westminster Bridge. 
At that time, as Sir E. Frankland reported, " the 
ailvery Thames was for several weeks converted into a 
black, seething, and stinking canal, its sluggish waters 
being carried backwards and forwards by the tide 
through London and Westminster, and the stench in 
the committee-rooms of the Houses of Parliament 
became bo unbearable as to render necessary the 
filtration of the outer air through cloths wetted with 
chloride of lime." 

An instance of how such hi jury to watercourses was 
permitted quite recently occurs in a. report to the 
Halifax Council as to the district of Upper Greetland, 
Yorkshire, in April, 1896. The local stream is stated 
to be "as badiy polluted aa ever, and although it bad 
been condemned by throe medical ofiieers, it was still 
allowed to be used for cattle, and even by human 
beings. The milk from the cows which drank from the 
stream was sold in the Halifax district." The 
connection between polluted milk and disease hae been 
BO frequently demonstrated that it is obvious cattle 
should not have access to such water. It also appeared 
that piga were in the habit of wading in the stream, 
and this animal is particularly subject to parasites. 

A striking example of the pollution of a river by the 
domestic and manufacturing sewage of a town is given 
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in the Beport of the Mnesachnsetts Board ot HeaUfa^ 
IH'.IU, \i. 472. Above the town of Fitehburg, of 22,000 
inhabitftnta, the water of the Nashua river has the 
following composition : free ammonia, •0004 parts per 
100,000; chlorine, 0-39; nitrogen as nitrites, -QOOl. 
Below the town the respective figures are '0326, O'So, 
and -OOU. Thus the ammonia has euormonaly 
increased, the chlorine has more than doubled, and the 
nitrite is fourteen times as much, three ingredients 
which are characteristic of sewage pollution. A series 
of interesting chemical maps, illustrating with excep- 
tional clearness other features ot the kind, is included 
in the Report. This method of plotting certfttn of the 
analytical results on sketch maps of the river-basins 
furnishes an exceedingly useful bird'a-eye view of the 
effect of tributaries and local discharges on the main 
stream, which would be still further elucidated if the 
maps were tinted to indicate tbe geological formations. 
A series of such maps drawn on a larger scale, 
for which the name " hydrochemieal " might be 
proposed, would be an important contribution to the 
study of our water supplies, and should be undertaken 
by some of our public authorities. It does not seem 
creditable to England that, while a state like Massa- 
chusetts should institute inquiries with such care and 
in such detail that their results are of benefit to the 
whole world, our local bodies should oflen be battling 
■ with problems in auch a crudely experi- 
^ay as to cost large sums to the ratepayers for 
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abortive Bchemes whicb a little more knowledge would 
have prevented from being undertaken. 

In 1865 a Royal Commission was issued for inquiring 
how far the present abuae of rivers in England for the 
parpose of carrying off the drainage of towns and the 
refuBe of manufactures might be remedied, and how 
far such products could be utilised or rendered harm- 
less before reaching the rivers. The reference included 
also an extensive inquiry into the water supplies then 
existing. The results were recorded in the series of 
reports of the Rivers Pollution Commissioners ending 
in 1874. Their researches were very valuable, but 
their suggestions as to the Hinita of impurity in 
discharges which should be permitted to pass into 
watercourses were ultimately abandoned or postponed 
by Government. A great improvement was effected 
when the intakes of the London companies were trans- 
ferred to points higher up the stream, as, for instance, 
that of the Southwark and Vauxhati Company, from 
Battersea to Sunbury, near Hampton Court. But it 
must be remembered that these intakes still include 
the local sewage from the upper portions of the 
river.* The filtration to which the water is after- 
wards subjected is considered in Chapter IX, 

* To show how importflnt IB til position o[ the intnko, the followina 
rnny be citpd troni the Report o! the Medical Officer to the Lood 
Oovennnent Board, 1891 (p. 18) : " In the cholera epidemic at 
Palis in 1673, the inhabitants of those communes drawing their 
Huppty [rom below the main outfall oowec died of that diBco.'^o at a 
rata nearly fourteen times as great aa those who nete supplied front 
■ or at a point above Paris. " 
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The pollution ot Btreame is prohibited onder 
penalties by the Public Health Act of 1875, the Rivers 
Pollution Prevention Act ot 1876, the Local Govern- 
ment Act of 1868, and by local Acts, such as the Public 
Health(London} Act of 1891, andby bye-law8of Banitarj 
authorities. Many of these Acts, however, are largely 
inoperative owing to the numerous excepting clausss, 
but in any case the discharge of solid or liquid sewage, 
or indeed of any solid matter, into streams, is 
illegal. It is, therefore, the duty ot an inBpector of 
nuisances to guard against the common practice in 
towns and villages of allowing the washings of stables 
and pigsties to fiow into any watercourse, and he 
should insist on the removal of all closets on the banks 
of running streams and prevent the discharge into 
them of all house refuse, &c. 

Since the operation of tlieee Aits it has been found 
possible and even remunerative for manufacturers to 
utilise waste products by precipitating, filtering, 
evaporating, distilling, and burning, so that chemicals 
are recovered, organic matters used as fuel or manure, 
and clean effluents only allowed to be discharged. 

On August aist, 1896, Mr. Justiee Gye made an 
order, with full costs, requiring the Corporation ol 
Andover to abstain from polluting the river Anton 
with sewage. He found that the Council hud not 
used any means of rendering harmless the sewage so 
falling into the stream. This was one of the rare 
cases where private persons had taken action under 
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plaintifTs being riparian and mill 




'ernment Board has of late declined 

lemeB for the drainage and sewage 

^^TltetrictB unleBs the manufacturerH Biib- 

•tr effluents to a preliminary treatment 

me them into the sewers. 

•mJardB of the Thames Conservancy for 

low the intakes of the London Water Com- 

ftny discharge into the river should be — 

offensive odour. 

Buspended matter — i.e., perfectly clear, 
acid nor alkaline to test-paperB. (This 
: natural waters are -almost invariably 
it, on account of free carbonic acid, and 
:er, owing to carbonates. Hence "acids 
naturally present" should be specified 
.iud, or limits of permiesihility stated.) 
.Liore than sixty grains per gallon of total 

wore than two grains per gallon of organic 
.id 0-75 grains of organic and ammoniacal 

loss than one cubic inch of free oxygen per 

\vater undihited would usually be still not 



Goverrment Act of 1894 prohibits the 
into rivers of (a) substances of such a nature 
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tbat their iiHroduetion may give rise to an infecttons 
dUeaee, td) or ni siioh quaniilieB as may involve an 
injiirioiia pollution of the water or of the air or a 
distinct annoyance to the pnbUc. A special ofGcer of 
the pro%-ince is to determine as to the things and 
quantities covered by this Act. 

Daring their rapid upper course, mountain streams 
are generally turbid. The suspended matters are 
gradually deposited as the current slackens ; but, owin" 
to fresh accession from tributaries, river water is 
rarely bright, and is sometimes very difficult to cliirify 
by filtration. An esaniple of the change of a river in 
its flow is furnished by the Schuylkill, which rises in 
the anthracite region of Pennsylvania, receiving much 
refuse mine water and becoming so impregnated with 
iron salts and free mineral acids as ta be quite un- 
Buited for drinking or manufactures. In the course of 
100 miles it passes over an estensive limestone district, 
and receives several large streams highly charged with 
carbonate of lime. In this way the acid is neutralised, 
and the iron nnd most of the lime are precipitated, 
with the result that the river becomes purer j and 
at its junction with the Delaware at Philadelphia it 
contains neither free sulphuric nor hydrcchloric acid 
and only small traces of sulphate of hme, and is, in 
Iftot, a soft water. 

Kivers which are hard at their source generally 
some softening during their flow, while the total 
lase from the influx of salts from the land. 
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Thus Thames Hend water near Cirencester contftins 
27-44 parts per 100.000 of solida; hardness, 23. As 
supplied to London it contains 30'94 solids and 17"3 



Aa to the natural organic purification of rivers, 
vei*y opposite statements have been made. The late 
Dr. Tidy contended that water containing 20 per cent, 
sewafie became purified by natural oxidation in a flow 
of ten or twelve miles ; whereas Sir E. Frankland, 
by a series of experiments on the Irwell and on the 
Thames, sought to establish that 200 miles would 
not be sufficient for the purpose. But at that time 
the rote of bacteria was not properly understood. 
Atmospheric oxygen alone will not readily attack 
organic matter in the absence of microbes; it is the 
number and nature of the latter that determine the 
rate and completeness of natural purification. In this 
process the organic matters containing carbon and 
nitrogen are partly absorbed by microbes as food and 
conveited into their cell-walls and protoplasm, and 
in part are changed into compounds of volatile vege- 
table acids, such as butyric, which communicate 
unpleasant odours and taste. Other products are 
the ptomaines, some of which are powerful poisons ; 
these remain in the water after filtration. 

On the continent, the I&ar, Spree, Limmat, and 
Danube have recently been examined by bacteriological 
methods, and the purification efi'ected determined 
during the flow under different conditions. 
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Not ihe leiiBt important ngcDts in the natural im- 
provement of waters are the " nitrifying organisms," 
very minute micrococci of at least two specieB, which 
have bessn isolated and described by Wino^'adeky, 
Warington, and P. F. Frankland. One kind eflfects the 
conversion of ammonia into nitrites, and the other of 
nitrites into nitrates. In the process of nitriiication, 
which has long been known in connection with the 
manufacture of saltpetre, nitrogenous organic fluids, 
like urine and the runninRS from manure, when mixed 
with alkalies or lime and exposed to air, have their 
organic carhon converted into carbonates, and the 
nitrogen into ammonia, to be, in its turn, changed 
into nitrites and finally into nitrates, in which simpler 
form the whole becomes "mineralised" and is no 
longer injurious. The organisms which effect these 
changes are present in almost all soils and waters, 
but their activity is dependent on certain conditions ; — 

1. The solution must be neutral or alKnline; hence 
heavy and sour soils will not nitrify. Acid discharges 
from factories also entirely put a stop to the natural 
process of purification. 

2. The presence of air seems necessary. Nitrifica- 
tion does not occur more than a few feet deep in soils 
(Warington) , and then only when such soils are porous, 
like sand or gravel. 

3. The action ia more vigorous in the absence of 
"i^ht, so that in waters exposed to full sunhght it is 

inded, and the organisms may actually be killed. 
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In waters loaded with organic matter aud containing 
little diaaolved oxygen, di-ititrifi/iitii organisnis reduce 
the nitrates to nitrites, and may eventually convert 
them into nitrous and nitric oxide, or even into 
nitrogen gas. TheHo gasea dissolve in and finally 
escape from the water, and thus explain the well- 
known fact that the amount of nitrogen in the nitrates 
and ammonia produced is always lower than the nitro- 
gen in the original organic matter. In comparing a 
sample of water taken from a stream at a point where 
it is much polluted with one taken further down, 
there is often a very marked improvement at the 
lower point, owing to the dilution caused by purer 
tributaries and by water filtering into the stream 
from underground sources. If the flow of a river 
be steady, difTerent sources do not mix ; the water 
of a turbid or coloured afHuont can often be traced 
as a separate streak along a river tor a great distance. 

In regard to the self-puritication of rivers, Dr. P. 
Fraiikland {"Bacterial Purification of Water," Proc. 
/.Ci.'., November, 189G), instances his examination of 
tlie river Dee for forty miles of its course. Above 
Braemar the Dee was found to yield only eighty- eight 
microbes per cubic centimetre ; after receiving the 
sewage at Braemar, however, the number went up to 
2,829 per cubic eentimetro, whilst some miles further 
down the number had fallen to 1,1S1) ; below another 
point, where some more sewage had gained access, the 
number ruse to 3,780, while some miles further it again 
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fell to 938 ; with fresh access of sewage it rose to 1,860, 
lower down ngaiii fftlHng to 950 microbes per cubic 
centimetre, " a most striking example of repeated 
pollution and purification within a limited distance." 
Dr. Frankland states that the chemical examination 
was not sufficiently delicnte to reveal these changes. 

By waterfalls and weirs the water is thoroughly 
mixed and also aerated. The improvement effected 
thereby is not so considerable as was formerly 
supposed. Dr. Leeds in 1890 examined the water 
above and below Niagara falls, and showed that the 
aeration did not cause any decrease of the free 
ammonia or in the oxygen consumed, and gave only 
a small reduction in the albuminoid {Joumid of Amer. 
Chem. Soc, November, 1890). Dr. P. Franl land 
(Third Report to Eoyal Society, 1894, p. 516) found 
that moderate agitation, with intervals of rest, on the 
whole promotes the growth of bacteria. In low-lying 
districts the constniction of weirs and dams for mills, 
&e., frequently causes great injury to the health of 
the locality by rendering the soil damp and water- 
logged above the obstruction. In such a case the 
watercourse should be securely embanked, and the 
drainage carried to the lower part of the river, as 
it is to a great extent in London. According to section 
33 of the Sanitary Laws Amendment Act of 1874, 
"any sanitary authority may, subject to the pro- 
visions of this Act and of the Sanitary Acta, buy up 
" dam, or weir which interferes with 
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the proper drainage of or the supply ot water to its 
district." A free growth ot nlgie and larger water 
plants uses up a lurge part of the ammonia and 
nitrates in a water ; but, on the other hand, they always 
render the water offensive to the smell and taste, and 
corrapt it by the products of their decay. 

It is of the highest importance that the current 
of a river should be kept strong enough to carry along 
the solid matters contained iii it, otherwise they deposit 
in foul banks along the shore. These at low water 
are converted by the lieat of the sun into fietid breed- 
ing grounds of germs, and the shallow water is a con- 
centrated solution of highly deleterious matter. And 
it is probably due to this fact that it is generally in the 
time of, or just after, periods of drought and warmth 
that epidemics arise. " Compensation " reservoirs, to 
divert floods and store the water so that the river 
becomes less overcharged, are also made necessary 
by the fact that the water, in addition to being turbid, 
is always greatly increased in foulness, as, besides the 
washings ot manured land and of streets in towns, 
numberless abominations, which get into the smaller 
tributaries and are left there lo putrefy, are washed 
out by floods into the main stream. Thus in some 
cases small villages have produced epidemics in 
riparian towns situate below on the same river. 
Intermittent stagnancy, succeeded by flood, is favour- 
able to the gi'owth and dissemination of the more 
dangerous organisms. The storm-water collected in 
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n roaervoir would Lave time to deposit, and would be 
a reserve against periods of drought such as recently 
visited, with such serious results, the town of Leicester. 
By reservoirs the "scouring action" of the stream 
can be kept conlintioas, and the stored water 
used to supplement a slackened flow in times of 
drought. 

Dr. Shirley Murphy has shown that in 1894 sporadic 
cases of enteric fever occurred in London after the 
delivery of inefficiently filtered Thames water when 
the river was in flood in tlie late autumn. Thus, at 
St. George's, Hanover Square, out of the sixty-five 
cases of enteric fever which had occurred in the district 
during 1894 no fewer than twenty-nine were notified 
in November and December and only fourteen in the 
three previous months, when the seasonal prevalence 
of the disease usually takes place. 

The pollution of smaller tributaries from mansions, 
farms, and ditches is seldom prevented except in 
those eases where the river is under the control ot 
an active authority, which has special powers conferred 
on it by Act of Parliament, as in the case of the 
Thames Conser\-ancy. 

In the lower reaches of rivers large quantities of 
sea water are carried up by the tides. As sea water 
contains a high proportion of salt (chloride of sodium], 
the amount of chlorine fuiTiishes a measui'e of the 
admixture. By this tost it has been found that at 
London Bridge the river contains about one-fourth 
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of Bea water. The first effect is a considerable depo- 
sition of solid matters, doe both to retardation by the 
tidal wave and to the precipitating action of salt 
water. Dr. P. Fraukland finds that the influx of 
chlorides favours the nmJti plication of some bacteria 
to an extraordinary extent, especially the germs of 
cholera. The high percentage of salt (or chloride 
of potaBsium) in the Elbe may have accounted for 
the severity of the cholera epidemic at Hambarg. Ib 
London also during some of the earlier outbreaks, the 
Eaet London Bupply, where the disease was most 
fatal, was mainly derived fi'om the tidal portion of 
the Thames. Brackish waters from the estuaries of 
rivers, as well as those drawn from tho gravel near 
the sea (except from the occasional freah- water 
springs, pp. 75, 82), are quite unfit for drinking, apart 
from bacteriological reasons, on account of the large 
luiKMint of sodium and magnesium chloride, which 
render tbem purgative and unwholesome. Some 
inland waters from marine formations Hke the Trias 
(p. 329) are unsuitable for drinking purposes. 

The measurement of the volume of flow of a river 
is easily understood in theory, but there are many 
practical diflicuUies. IE the width and the depth at 
several points be found, the transverse section can be 
plotted, and the area found by ruling squares on the 
drawing. A great number of such sections being 
made, an average ia obtained in square feet. The 
mean velocity is then determined by boards sunk 
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at different depths altncbed to floats. A series of 
observations being made, the average rat-e of flow 
in feet per hour is obtained. This, multiplied by the 
average seetional area, gives the number of cubic feet 
of water passing per hour. To calculate into gallons, 
6'2i gallons equal 1 cubic foot. The average daily flow 
of the river Thames at Ditton is 906,000,000 gallons, 
of the Severn 300,000,000, the Ouse at York 
140,000,000, the Tiber at Home — a very rapid river 
—5,500,000,000. 

It may be generally stated that the water supply 
of towns should not be taken from rivers if it can 
l>e avoided. The unfiltered water of rivers is never 
safe to drink, especially in their lower portions, where 
many of them, as shown by their appearance and 
ndour, are practically open sewers. In the Seine, 
where numbers of wash-houses for linen are estab- 
lished on the banks and in the stream, Miquel found 
that the river water, containing originally 10,000 
bacteria in one cubic centimetre, contained no less 
than 20,000,000 after passing through a wash-house, 
and many of these organisms would be of the more 
dangerous class. 

There are a large number of rivers throughout the 
country fuvniehing water for domestic purposes which 
are scarcely ever examined by chemical or bacterio- 
logical analyses. The purity of sewage effluents and 
the character of the discharges from factories are 
occasionally examined by local authorities, but usually 



RIVERS. 



not until a complaint is miide. The existing Acta 
having to & great extent failed in operation, it 
must be laid down as a sanitary necessity, if rivers 
are to be used for any water supply, that a regular 
system of inspection by officers of tlie Local Govern- 
ment Board be established, similar to the existing 
system under the Alkali Works Regulation Act, 1884, 
with regard to the parity of air. 

In respect to the London supplies from the Thames, 
in which much more care is taken, there is some 
divergence of opinion. The Itoyal Commiaaioners of 
1892 reported as follows : " Wo are strongly of opinion 
that the water, as supplied to the consumer in London, 
is of a very high standard of excellence and of purity, 
and that it is suitable in quality for all household 
purposes. We are well aware that a certain prejudice 
exists against the use of drinking water derived from 
the Thames and the Lea because these rivers are 
liable to pollution, however perfect the subsequent 
purification, either by natural or artificial means, may 
be ; but having regard to the experience of London 
during the last thirty years and to the evidence given 
to UB on the subject, we do not believe that any 
danger exists of the spread of disease by the use of 
this water, provided thnt there is adf([uMe 8torage, 
and that the water is efficiently Jiltered before delivery 

to the consumers With respect to the quantity 

of water which can be obtained within the watersheds 
of the Thames and Lea, we are of opinion that, if 
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the proposals we Imve recommended ure adopted, a 
sufficient supply to mtet the wants of ihe metropolis 
for a long time to come may be found without any 
prejudice to the claims or material injury to the 
interests of any districts outside the area of Greater 
Loudon." 

Sir Edward Friinkland. in a lucture at the Royal 
Institution in February, 1896, supported this con- 
clusion, and also stated that "not a single harmful 
organism had ever been discovered, even in the 
unaltered river water as it entered the intakes o! tho 
various companies, although these organisms had 
been diligently BOUf;lit for," This is partially ex- 
plained by the difficulty of isolating them from such 
an immense volume of water, and of identifying them , 
conclusively when found. Probably Pasteur filtration 
(p. 305), worlied on large quantities of wiittT, will 
eventually succeed in discovering survivors of the 
typhoid and other pathogenic bacilli that undoubtedly 
enter the Thames. But tho real reason is to be 
found in the fact proved by Dr. Percy Frankland and 
others, that unsterile surface water, like that of the 
Thames, possesses bactericidal growers irrespective tf 
the further multiplication of any of the contained 
water-bacilli. He has, however, also proved that 

>hoid and other bacilli might, if of strong growth 

in extra numbers, become habituated to their 

dings; and that, even if only a few remained, 

scattered as to escape observation, they 



would, when by chance introiluced into a purer 
and naturally sterile or steriliBed water, recommence 
multiplication with extraordinary vigour, so that in 
thiB way a severe epidemic might be occasioned. 

The Ee])ort of the Royal CommiHsion was hy no 
means miiversally accepted by scientific men. Indeed, 
the highest medical and scientific opinions are prac- 
tically at one in stating that the drinking water 
of a populous town ought not to be taken from rivers 
running through cultivated and inhabited lands. No 
fewer than three of the members of the recent Royal 
Commission were examined as experts on the Bir- 
mingham Water Bill in 1893, and they all expressed 
this view with more or less emphasis. No doubt, 
careful filtration will remove much impurity, but it 
is admitted that no system of filtering on a large scale 
can he relied on to remove all pollution. The Royal 
Commissioners themselves found serious fault with 
the filtering and reservoir arrangements of some 
companies. It is well known to any analyst who 
has examined daily samples of London waters that 
most of the companies supply at intervals, and 
invariably at times of flood, water that is more or 
turbid, and therefore has not been efficiently 
filtered. And it is obvious that where suspended 
visible matter is present the more subtle bacteria 
may also certamly penetrate. 

In favour of the proposed supply from Wales, which 
will be described in Chapter VI., p. 130, it DiLiy be pointed 
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out that the present Thatnea ayatem not only robs the 
other towns of the Thnmea Vnlley for the benefit of 
London, but subjects them to a heavy expense in 
treating their sewage. 

The average daily supply from the Thames during 
November, 1895, was about 123,000,000 gallons ; from 
the Lea, 45,000,000 ; from springs andwells, 42,000,000 : 
being in the proportions of fifty-nine Thames, twenty- 
one Lea, and twenty from springs and wells. 

The amount of solid matter carried down by rivers 
is frequently enormous. The Miesissippi has been 
calculated to carry down 400,000,000 tons of suspended 
matter yearly ; the Ganges over 6,000,000 ; the Thames 
about 2,000,000. 

Note. — The Royal Commission on Sewage ap- 
pointed in 1898, issued in July, 1901, an Interim 
Report which concludes — " that the simplest possible 
means should be provided tor adequately protecting all 
our rivers," and that "scientific experiments should 
be cairied out to ascertain all the real dangers of pol- 
lution against which they should be protected." They 
recommend "the creation of a separate commission, or 
a new department of the Local Government Board 
which shall be a Supreme Rivera Authority . . . which, 
1 appeal ia made to them, shall have power to take 
ases where the local authorities have failed 
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It has been already stated that all the varieties 
of water on the earth's surface have originally fallen 
as rain. The fluctuations of seaBona affect the volume 
of riverB and of every spring that is not fed by a large 
underground "pocket" of water, or a system of 
extensive fissures, as in the chalk. Storage of water 
then becomes neceaaarj-. In some localities nature 
haa effected this by means of lakes, sometimes of vast 
extent, as in Canada and Central Africa. Where 
fed by mountain streams they have the character 
of upland surface water, as described on page 71. 
with the further advantage, when the lake is large, 
that it has undergone a long subsequent purification 
by subsidence and oxidation, so that it often attains a 
high degree of clearness and of organic purity- Most 
of the chief towns in the Korth of England derive 
at least part of their supply from mountain lakes, 
either natural or artificial. On account of their 
distance from contamination, and of their great depth 
permitting the solid particles to subside beyond the 
reach of disturbance, such water is fit for consumption 
without filtration, the only precaution being to keep 
the long aqueducts watertight and free from organic 
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life. Aa has been already mentioned (p. 53), 
germs of diseuBe, which are nuiidly enfeebled or even 
killed by auch an impure water as that of the Thames, 
multiply with extraordinary rapidity in a pure liquid 
like the water of Loch Katrine; while the conditions 
are also favourable for other minute plants, other 
infuBoria or animalculea which live on these plants, 
and microbes, which consume both plants and in- 
fusoria after their death, to freely develop. This 
fact, which has actually been advanced aa an argument 
against a mountaiu hupply tor cities, only proves that 
when pure water baa been obtained the greatest care 
should be taken to protect it from pollution. That 
any one should continue to drink nn impure or doubt- 
ful Huid when a better one is attainable, wilt not 
be aerioualy contended, aa, although disease may not 
be directly or obviously communicateil, the effect of 
a bad water, even when perfectly filtered, ha? been 
shown to be distinctly lowering to the constitution, 
and to pave the way towards the reception of further 
injurious influences on health. 

Loch Katrine is about forty miles from Glasgow. 
Tlio water is brought to the city by a closed conduit, 
and is very clear and bright. It containa in 100,000 
parts, 3'28 of total aolids, 0-256 of organic carbon, 
(p. 274), '008 of organic nitrogen, '031 of nitrogen as 
nitrates and nitrites, 0'36 of ciilcium carbonate, 0*25 of 
^"■"■ilorme, "002 of free ammonia, and has a hardness of 
half a grain per gallon. The colour is faintly 
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brownish. It will thus be seen that it is an oxceed- 
ingly soft wdter, the high relation of carbon lo 
nitrogen showing that the organic matter is of a 
vegetable nature. It is said that Glasgow saves in 
soap, since using Loch Katrine water, £3(5,000 
annually. For manufacturers the softness of the 
water is of great value. Bala Lake, one of the 
sources proposed for London, Tliirlmere, whii-h sup- 
plies Manchester, ami other lakes of Westmoreland, 
are of similar character. 

An example of the effect of depth and stillness 
in attaining clarification is fmrnished by the Kiver 
Rhone, which enters the Lake of Geneva full of 
suspended matter, but emerges clear and bright. 

To increase the storage capacity of a natural reser- 
voir Buch as a lake, and also to form one where the 
sides of the valley through which a stream flows are 
sufficiently impervious, an embankment is built across 
the outlet. Be3ei"voirB of the kind are very common 
in the United States, wbei-e sniall lakes are plentiful. 
I Manchester is also supplied from Longerdate valley 
L by six storage reBer\'oirs, arranged in steps, with dams 

■ seventy to 100 feet high. The Bolton embankment at 
I Entwistle is 120 feet deep, while one at Yillar Madrid, 

■ in Spain, is 158 feet, and another at St. Etienne, 
H in France, 164 feet. The new waterworka of the 
I Bradford Corporation include a reservoir at Gouth- 
H waite, covering 330 acres, over two miles in length, 
H and holding 1,500 million gallons of water. 
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Before pvoceeding to the aeleetion of a site i 
a reservoir, it is Decessary to make an iiceurate and 
continuous observation on the fiow of the streums 
that may feed it and the amount of rainfall. Where 
there is eonsitlenible storage accommodation, the ill- 
eflfect of a dry season is not felt to its full extent 
during the drought, but ensues some time after the 
rains have hej^un again. It ia not uncommon to lose 
a large proportion of the first rains by their rapid 
flow over xmrched or frozen ground. About 15 or 16 
inches of the ordinary rainfall ia estimated to be lost 
by evaporation, soakage into the ground, &c. The 
greater number of watersheds of England are already 
appropriated by towns, even beyond their present 
needs, " to make provision against future increase 
of population." Towns like Middlesborough and 
Barrow, which have suddenly grown up from 
small beginnings to considerable magnitude, are 
threatened under the present haphasiard system 
with having either to remain content with insufS- 
cient or possibly unwholesome supplies, or to buy 
watersheds at fancy prices from the forestalling 
neighbours. 

Here is a case when it is the province of the State 

to apportion the upland water sources according 

to the needs of the populations, and to see that 

private ownership" does not offer such hindrance 

■"has freijnentiy done to local enterprise. It 

I mention that high culti- 
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vation with manuring should not be permitted on 
the lands providing water for storage reservoirs. 

The selection of a source from which to obtain a 
water supply depends principally on the following 
considerations : — 

1. Purity, volume, and permanency of the supply. 

2, Its elevation and diatance. 

8. Nature of the intervening ground. 

4. Purchase of water rights and easements. 

English law has decided that the property in water 
in a river or stream flowing in its natural course 
belongs to no one, hut the use of it to every one 
having the right of access. Thus a local sanitary 
authority must first come to terms with the owner 
of the land whereon the spring rises, or the riparian 
owners at or below the point at which the water 
IB Bought to he talcen. Sometimes "compensation 
reservoirs" have to he constructed to store the flood 
water (see p. 73), which is then allowed to flow as 
required, so as to minimise the interference with the 
stream. An " easement " is the right to lay pipes or 
tunnels through private property, and to have 
access to them for repairs. (For further details, see 
Hural Water Supply, by Greenwell and Curry ; Lock- 
wood, 1896.) 

Where the som-ce is elevated, water descends by 
gravitation, hut in other cases pumping has to be 
resorted to. The former generally involves a larger 
first outlay, hut a heavy annual expense ia avoided. 
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"ImpouniHng" reaervoira serve to remedy irregn- 
laritiea, their size and number depemltnt^ oa the 
population. In England, 20 giillons per head per day 
is generally allowed for non -man ufac taring, and 30 or 
more for manufacturing towns, but with reasonable 
economy lesa would be needed. 

The construction of storage reBervoirs involves an 
examination of the ground for the foundations, and 
the subsequent erection of an embankment. Springs 
and porous beds often cause trouble. The slightest 
leakage, if neglected as at Johnstown, U.S.A., permits 
the water to gradually wear a passage until suddenly 
the whole gives way. The Holmfirth reservoir, 
which burst in 1852, was based on fissured sand- 
stone, through which water leaked till the harrier 
was undermined ; then a fiood completed the de- 
struction. 

Jerome Park reservoir, New York, for high up- 
land water, will be 299 acres, and will hold 1900 
million gallons. The new Staines reservoirs, London, 
will draw from the Thames above Bell Weir by a 
conduit partly open and part closed, passing under 
two rivers and two railways. The pipes will be 6 feet 
3 inches, and 8 feet 8 inches diameter, and the 
reservoirs IJ miles long, with a capacity of S,300 
million gallons, for the New River, West Middlesex, 

1 Grand Junction Companies. 

for supplying London with pure upland 
i WaleB, due to Sir Alexander Biniiie, late 



STORAGE. m 

engineer to the London County Conncil, proposes 
to collect the head waters of the Usli, Wye, and Towy 
in five large reaervoirs, from which the water would 
flow by gravity to London through two aqueducts 
of masonry and concrete 150 and 175 miles long. 
Two tunnels would occur in the coui'se, a siphon pipe 
13J miles long under the Severn, and several bridges 
o! iron pipes across the valleys. The service reservoirs 
would be at Elstree and at Banstead Downs, at a 
height of 312 feet above sea level, from which the 
water would flow by gravity to all parts of London. 
The impounding reservoir near Llanynis would 
contain 81,000,000,000 gallons; its dam, of masonry, 
would be 160 feet high. The rocks over which the 
head waters flow are of Silurian and Old Red Sandstone, 
and the water is similar in purity to that of Loch 
Katrine. The rainfall varies from forty- five to seventy- 
five inches per annum, or about three times that of the 
Thames valley, and is usually very regular. It is 
estimated that 415,000,000 gallons could be supplied 
per day to London, which is suflicient for the probable 
increase of London in the next fifty years.* But, as 
previously mentioned, it would be neither necessary 
nor advisable to take so large a supply, and risk 
incommoding the local populations. 

The winter of 1895 proved that the present distribut- 
ing mains are not laid deep enough for protection from 

* In the Iiondon Water Companisa' Bills oi 1S96 it w&b proposed 
to Ikke ft total of 149 millioD gallons from the ThaiiiG9 daily. 

E i 
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frost ; they have also frequently been injured by 
loads passing over them. Whilst repairing, a second set 
of mains could be laid, so as to provide Thames wat«r 
for common purposea, and the purer mountain water 
exclusively for drinking, Prankfort-on-the-Maine has 
already a double water supply, where spi'ing water 
is supplemented from river and ground sources, 
Vienna has also successfully carried out a dual plan. 
The improvement of water in reservoirs is largely 
due to the deposition of suspended mineral matter 
and bacteria, but, in addition, open storage favours 
the beneficial action of aeration and light. It would 
seem at first sight desirable that service reservoirs 
should be open to hght and air, as by such means 
the brown colour of moorland water would be 
bleached, matters derived from sewage oxidised to 
ammonia and nitrates, and the bacteria antagonised. 
This would be the case if the water could be kepi 
free from algee and infusoria, but unfortunately 
these are favoured as much by light as the lower 
organisms are enfeebled. The minute algiD which 
render the water green (Scenedesmus, Closterium 
and others related to the Desmids, are specially 
active), also cause an unpleasant fishy odour and 
I, which, though not poisonous, give rise to com- 
from the consumers. Many attempts have 
1 made to remedy this evil by fountains, circula- 
Bd scouring, but the algs grow so rapidly when 
with fresh water, that it has been found 
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impracticable to atippress them at certain aeasons, 
especially in hot countries. The Maaaaehusetts Board, 
after lengthened experiments, concluded that while 
surface waters were generally improved by storing in 
open reseiToire or tanks, ground or subsoil waters 
miderwent rapid deterioration from algie unless kept 
in the dark. They also conclude that " the colour 
o£ water exposed to the sun in open reser^'oirB is 
reduced by storage ; but it must be stored for 
several months to cause any material reduction of 
colour, and from six months to a year to remove 
practically all of it."* 

The main distributing reservoir at Vienna is in 
three sections, lined with smooth Portland cement and 
covered with a roof supported by granite pillars. 
Conical glazed openings and ventilators supply light 
and air to the interior (Fig. 28). The capacity of 
the third extension is 10,470,000 gallons. 

Deep well waters are not improved by storage, but 
are better delivered as pumped, provided they are 
clear, which is almost always the case after the well 
has been worked for some time. It has already been 
pointed out that pathogenic and other bacteria multiply 
in them with great rapidity. At their source they do 
not usually contain more than two or three bacteria per 



* G. Bertrond is investigating certain Eoluble (ermects termed 
"oiydftseB," whicli poaaesa the power ol bleacliing and pracipitating 
tbe organic colounng laattec with absorption of oxj'gea \CompUi 
Rendut, cixii. 1216). 
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cubic centimetre, and these have probably got in 
mainly by accident. But on exposure for a few hours 
in any vessel, there will be hundreds oi bacteria, and 
perhaps millions in two or three days, after which 
time they will diminish by mutual exhaustion and 
destruction. Surface water on the other hand does not 
show any such multiplication, this change having taken 
place to its fullest extent during the previous history 
of the water. 

It may be summed up that the only waters which 
deteriorate on storage in properly prepared reservoirs 
are those which are filtered or taken from subterranean 
sources. When they must be stored, they should be 
kept in closed reservoirs arched over like those of the 
Kent Company at Deptford. But surface waters are 
never injured by proper storage; on the contrary, in 
the great majority of cases they are very materially 
improved, and the poorer the quality of the water 
and the greater the amount of organic matter in 
process of change, the more conspicuous is the benefit 
of the action of light and air. Even the green algie 
nnd other water plants, as Dr. Bokorny has shown, 
can use up as a nutriment many of the organic 
impurities that are drained into waters. And yet 
the recurrence of the offensive results of these n 
may compel the adoption of covered reservoirs, relying 
on subsequent filtration for the removal of bacteria, 
'is (p. 283), and fungi which are encouraged 
It. The depth of open reservoirs shoald 
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not be under ten feet, and preferably rather mote, 
as an increase of depth hinders the growth. Covered 
reservoirs shoald have about two feet of earth 
above the root to keep the water cool in summer, 
and ventilators should be placed at intervals. A 
reservoir must of coutbo be covered when close to 
a town or factories, especially after the water is 
filtered. 

The sides of open reservoirs should be well pro- 
tected, sodded, and kept free from animals, &c. There 
are recorded ciiaes of dead bodies having lain tor a 
long time in reservoirs, and intestinal parasites may 
easily be derived from such carcases. 

At Southampton and other places, an ingenious 
electrical apparatus, worked by a Boat, signals the 
depth of water in a distant reservoir to the pumping 
station. 

The average cost (and hardness) of different classes 
of supply is said to be : — 

4 degrees total bardnesa. id, per 1,000 gallona. 



Surfaco 
Spring 



1/- 



But this of course must vary immensely with circum- 
stances. 

Private storage in cisterns will be considered under 
"Distribution," in the nest chapter. 
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CHAPTER VII. 

DISTRIBUTION. 

We have seen in the previous chapters how pure 
water may be recognised, how it can be obtained, and 
how it is to he stored. Ita protection during transit 
to the consumer is of ei|ual importance. At Moun- 
tain Ash, in Glamorganshire, a Local Government 
Board inquiry into an outbreak of typhoid revealed 
that the mains had become contaminated from the 
soil. During the East London inquiry in 1895, it 
was found that the water from the street hydrants 
issuing directly from the mains was of the ordinary 
character of the company's supply, but it was sug- 
gested on the analysis of private samples that the 
supply to houses was much interior to the water in 
the company's reservoirs and in the targe pipes. 
Collectors were therefore sent into the small alleys 
and dwellings, and samples taken from the house taps, 
after these had been cleaned, to represent the fluid 
actually drunk by the people. All these samples, 
when analysed chemically and baeteriologically, proved 
to have derived impurity from some source in their 
transit from the mains. The failure of the East 
London supply during the previous winter had been 
already attributed to leaks in the pipes, and it waa 
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thus demonstrated that not only had water been loBt 
Ijut that dangerous matter from the soil of a populous 
district had diffused inward through the leaks. 

At Eastbourne, in 1895, it was suddenly discovered 
by a private analysis* that the water supply ol a 
portion of the town had l>een contaminated by salt 
water, which had leaked through fissures in the 
chalk into a well. 

It is, therefore, important that a householder, 
before going to live in a new locality, should become 
acquainted with the nature and pureness of the water 
supply, and when the pipes are found to be old, 
small, or shallowly laid, to either avoid a tenancy or 
have the defect remedied. 

In Iloman times pure water was brought from a 
distance to cities by aqueducts, many of which remain 
as ruins, while some are atill utilised. These were of 
solid masonry, carrying a conduit lined with cemented 
bricks or tiles. Across the valleys often three tiers of 
arches, with a height in many places of more than a 
hundred feet, were constructed. Some of these 
structures were completed several centuries before the 
Christian era. Ancient Home, with its nine aqueducts, 
served its people with 300 gallons a day per head, 
including the supply for the public fountains, baths, 
circus and amphitheatre, and for sanitary and trade 
purposes. A special State department administered 
• Solids, 1130: chlorine, 31-76 ; nitrates, none; nitritoa, distinct 
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the supply, and, as a result of these efforts, classic 
Rome was far more healthy than the modern city. 

The water of the New River Company was origi- 
nally bron;;ht to London hy an aqueduct with several 
tunnels. The adoption of the buiU-a(|ueduot systoTn 
was probably due to the fact that pipes of sufBcient 
calibre and strengtli were not available. The ancients 
were certainly well aware of the fact that water 
to its own level, and that, consequently, 
if pipes dip down in a valley, the water will rise 
to the same height on the other aide, but in a 
clear atmosphere there is great advantage in an open 
aqueduct, as it can be easily cleaned and guarded, 
and allows of the beneficial action of light and air. 

But ill populous countries it is necessary that an 
aqueduct should be closed, to guard against con- 
tamination ; hence a line of iron pipes of large 
diameter supersedes the old open channel. The pipes 
i under rivers and canals by an " inverted siphon " 
(Fig. 29: see aiitt;), as mentioned in connection with the 
i London supply from Wales (p. 131). Some- 
times it is advisable to cross an obstruction by a closed 
girder conduit (Fig. 30)." It must be remembered 
that iron pipes are proportionately weaker as their 
diameter increases. The inconvenience and loss 
attemtiiig their bursting were exemplified in the 
'tore of a twenty- four- inch main at Chelsea in 
Hi'"! and at Ilampstead in August, li)01. 
'',iv<-r irrignlion aysteni rit Utah are given 
■New York, Feb. 13th, 1896. 
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One of the latest examples of the modern style of 
aqueduct is given in the Mourne water scheme for the 
city of Belfast, It is proposed to furnish an additional 
supply of 30,000,000 gallons per day by means of an 
aqueduct thirty-five miles long, comprising seven miles 
of tunnel (part of it passing under Slieve Donard, the 
highest of the Mourne range of mountains), with 
sixteen miles of covered conduit and twelve miles of 
cast iron siphon pipes, thirty-sis inches in diameter. 
The service reservoir, about five miles from Belfast, 
will contain 90,000,000 gallons. From it the water will 
be conveyed under pressure in large mains to the city. 
The inlet ends of the siphon pipes will be controlled 
by automatic valves, so that the water is cut off 
immediately in caee of breakage at any point in the 
siphon. 

Some of the earlier water-pipes were constructed of 
wood.* During excavations at a brewery at St. 
Helens, in 1895, the workmen discovered a water-pipe 
lino of considerable antiquity ; the pipes consisted of 
trunks of trees about twelve feet long, chamfered at 
one end so as to fix in the end of the next pipe. A 
hole ot about six inches diameter had been bored or 
burned through the irregular course oE the trunk. 
The oak was in an excellent state of preservation, 
having been buried in clay. 

Square wooden conduits are used occasionally in 

■nnecr'H catimato for tiie Liverpool waterworks In 1797, 
^"mB occur:— "Elm pipes at 11b. per jutd, £1 ,000 ; 
Twrjard, £1,975," 
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the Colonies; they should be ta.iTed, or, at least, 
charred inside. There is no great objection to them 
beyond the liability to leakage and tlie bad taste they 
often communicate to the water. Iron pipes are now, 
however, generally used, the joints being either 
turned and bored, or run with lead, or with tar and 
sulphur, to make n strong and watertight joint. 

Pipes of too small diameter are frequently laid to 
save initial expense, but the friction of a duid in small 
pipes ia so great tliat the loss of pressure and the 
extra pumping more than counterbalance the first cost. 
The passage of SOO gnllons per minute through 500 
yards of four-inch pipe will absorb, by the friction of 
the water against tbc sides of the pipe, a head of 
L35 feet, whereas if a five-inch pipe be used only 
49 feet will be lost. 

Iron mains are used in all large towns, as they 
better support the jar of trafhe in the streets. When 
buried in the earth they can neither be inspected nor 
repaired without the great expense and inconvenience 
of opening the ground. All mains for gas, water, 
electricity, and pneumatic parcel transit might be 
laid in a common tunnel separated from one another 
BO that there should be no risk of communication, 
and that every part of tlieir surface be of easy 
access. Such a system is in practice in many Con- 
tmental towns where all the supplies are under 
municipal control. The chief hindrance in England 
is the want of co-operation between private companies. 
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Effects of frost, — In an exceptionally severe frost 
the freezing of water mains has often led ti> great 
privationa over large areas, as occurred in the London 
water famine of 189fc. It was proved that in most 
caBBs the mains and branch pipes were not laid at a 
sufficient distance below the surface. A depth of not less 
than three feet six inches to the top of all pipes should 
be compulsory. It will be obvious to the consumer 
that in case of any damage to or defects in the 
pipes he has to pay for water that be does not 



Lead pipes of elliptical section have been proposed 
which when expanded by freezing become circular, 
thereby increasing the sectional area of the pipe. 
Such pipes, however, when once made circular do 
not return to the elliptical shape, so that a second 
freezing mii;ht cause their fracture. 

In America and Australia riveted steel pipes are 
used successfully. San Francisco has a line over 
50 miles long, which crosses the bay in deep sea 
water. But steel mains have been known to split 
without frost. At Manchester, in 1893, a 26 inch 
riveted pipe of i''g uich steel ripped through five 
10 feet lengths soon after laying. It was said to be 
of good quality and workmanship, and Lad been 
tested. Cast iron is considered safer, and to be less 
acted on by water, but a good deal depends on the 
oomposition of the latter. 

The bursting of pipes by frost is commonly attri- 
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buted to the thaw instead of to the expansion of 
the water in freezing. That water on solidifying 
exerts a great pressure was shown by Major Williama 
in Canada, by filling a very strong iron bombshell 
completely with water and closing it tightly with an 
iron plug. On exposure to the frost the iron plug was 
forced out with a loud explosion and thrown to a 
distance of 415 feet, while a cylinder of ice eight inches 
long issued from the opening. In anothtir case a 
screw plug that would not yield was used ; the bomb- 
shell burst across the middle, and a sheet of ice spread 
all round the crack. In the bursting of lead pipes no 
explosion is heard, as the resistance is not bo great, 
but the widening out of the portions that have not 
ripped testifies to the pressure exerted. In this way, 
water jugs, it left filled at night, are sometimes found 
in the morning split in long interlacing cracks, with 
a solid mass of ice within. In nature this action is 
the principal agent in the disintegration of rocks to 
form soils, and in the loosening and rendering porous 
the Boils themselves by the freezing of the water con- 
tained in them. 

Notwithstanding the frequent severe climatic changes 
in England, few precautions are taken against the 
grave inconveniences occasioned by frost. House 
pipes are often left unprotected, and so placed that a 
burst will cause considerable damage. Cisterns are 
frequently situated outside, and when they freeze 
are the cause of serious annoyance. The 
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pipes aliould be run not less than four feet below the 
Burface, right into the house, and should paaa within 
about three feet of the kitchen grate before branching 
to other parte of the establishnjent. It is well known 
that water in agitation is less Hable to freeze, as the 
crystals of ice have not time to consolidate : therefore 
a common precaution to prevent pipes freezing ia to 
leave taps dripping. Outside pipes may be protected 
with a casing of rough wood three-quarters of an inch 
thick and seven inches square, extending three feet 
into the ground, and hi led with sawdust. 

In view of the explosions that have been caused bj 
frost in domestic boilers, a circular of the Board of 
Trade, dated January, 1896, advises : — 

1. That ail cisterns from which boilers are supplied, 
and particularly the pipes commimicating therewith, 
should be placed in positions where they are not 
likely to be affected by frost. 

2. That a safety valve should be fixed on every 
boiler that has not a movable lid. 

S. That should the water supply be interrupted 
from any cause the lire should be at once withdrawn 
until the boiler is cold and the water supply has been 
restored. It is very dangerous to put water into an 
empty boiler while hot. 

Glass-lined pipes are also now manufactured, and 
avoid the chance of zinc poisoning which has some- 
times been noticed when galvanised pipes are employed. 
Tin is aometimea used as a coating for both iron and 
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lead pipes, an objection being that, owing to galvanic 
action, the corrosion ie Bometimes more pronounced 
than when the pipe is left unprotected. So-called 
linings of pure tin have lieen found on analysis to 
conaiet of an alloy of equal parts tin and lead. 
Schwartz protects lead pipes internally with a film of 
lead sulphide formed by washing them with a solution 
of "liver of sulphur," but the coating is liable to 
blister, and ia acted upon by soft water in presence 
of air. Iron pipes treated by the Bower- Barff process, 
or by the modification of Bertrand, have been highly 
recommended. The pipes or other iron articles are 
raised to a bright redness in a chamber into which 
uperheated steam ia passed. A hard black layer of 
magnetic oxide of iron is thus formed, which, aa long 
i it remains intact, completely protects the iron from 
rust. 

Waters with little lime but high chlorides act 
rapidly on iron, acquire a ferruginous taste, and coat 
mtera. Sec, with red oxidit of iron. Angus Smith's 
compoailion, a varnish of pitch and coal-tar oiI» 
been long beneflcially used for the inside 
of mains. At Newcastle, it has been recently 
shown that, while reducing the corrosion, it dimi- 
nishes the adherence of the rust, and prevents the 
formation of hard nodules. 

Mechanical scrapers are used in many places to 
remove incrustations, but some of the forms are liable 
to weaken the pipes. Filtered water has generally 

w.r. L 
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lesB corrosive action than unfiltered. Some instand 
of tile destructive action of carbonic acid have been 
noted in Geruinny. Near Eeuthen, Silesia, li mile 
of cast-iron pipe from a pumping station began fo 
leak after two years, when the upper third was found 
to be deeply pitted and punctured, the rest being 
anaffected. At Johann on the Saar, a very soft and 
pure water became badly discoloured and unfit for use : 
on examination the water proved to be saturated with 
carbonic acid, besides much bicarbonate. Foul water 
in soils is also very injurious to the outside at pipes. 
Sulphuretted hydrogen, chlorides, nitrates, nitrites 
and ammonia all have their special corrosive effects. 
Prof. Weber has found that cast iron under salt water, 
in about fifty years is converted for one-third of its 
thickness into a grey graphitoid mass. Pipes travers- 
ing infiltrated ground can be protected by a coating 
of clay, which seems entirely effective, or by pitch or 
asphalt. Slags and cinders often Uiierate alkali, 
which attacks lead. Slag-wool used for packing baa 
been known to corrode wrought-iron pipes- 
Iron pipes sometimes become clogged with animal 
growths. The bryozoa, or frewhwater polyps, often 
grow in Ibis way, and can only be removed by 
steaming and flushing the pipes. The SpomjiUa and 
Spnura have at times led to partial stoppages in the 
supply, and the former on decaying gives off an 
unpleasant smell and makes the water unpalatable. 
Vegetable growths also cause clogging and oon- 
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tamiaation (p. 285), Green algip, cannot, of course, 
grow in the dark, but are met with in cisterns 
which are not kept covered. The presence of these 
organisms in the service pipes indicates imperfect 
filtration or faulty Btoriige, as their spores should not 
have been allowed to gain access. 

Lead is known to have a cumulative poisonous 
action, so that even a minute quantity taken day by 
day accumulates in the system and remains in the 
organs of the body until senous illness, if not fatal 
consequences, ensues. One of the most characteristic 
symptoms of " plumbiam " or lead colic is a blue line 
around the gums. Communities have suffered from 
plumbism for many years before the cause was traced, 
BO that it is now universally admitted that contamina- 
tion by lead should never be tolerated in water used 
for drinking purposes. 

Very few natural sources are thus tainted. In 
raining districts the metal is often found in issuing 
brooks, but is generally entirely precipitated by the 
sulphates, &c., in the water before it reaches the main 
stream. In a case which occurred near Hathersagf, 
in Derbyshire, several effluents from lead mines were 
turbid with lead salts, and contained much of the 
metal in solution, hut in samples of the river Dcr- 
went, at a point a quarter of a mile below the outlets 
of three ol them, no lead could be detected in the 
examination of several gallons. It follows that when 
lead is detected in water it is usually to be attributed 
h 2 
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to the material of the pipes or cisterns with which the 
water has been in contact. 

The capacity of waters for dissolving lead varies 
considerably. As a rule, the softer the water the 
greater the danger of that kind. In Dublin the soft 
moorland water of the Vartry waa foand to attack 
lead so easily that tin-lined pipes were laid down 
when the new supply was inaugurated. The equally 
soft water of Loch Katrine, on the other hand, has 
little or no action npon this metal. At Shellield much 
trouble waa caused by some public supplies which 
were peaty and acid, and rapidly attacked lead, zinc 
and iron ; it was overcome by adding ^ to 3 grns. per 
gallon of powdered chalk. Treatment with silica, by 
passing over broken flints and limestone, was found 
ineffectual. Carbonate of soda, as in the process for 
softening water, has often been found beneficial. 

According to a Local Government Board report(1895) , 
the action ia caused by organic acids generated by 
special organisms which exist in most peaty soils. 
At Keighley, in Yorkshire, three coke filters, to 
remove the coarser impurities, and tour sandstone 
and limestone filters have been erected to remedy 
this evil. It is believed that the limestone will 
leatraliae the organic acids, and bo cure the water of 

1 plumbosolvent properties. At Rishworth Moor, 

Halifax, lime is thrown into the reservoii-s. 

waters act so rapidly that standing one night 

pipe is sufficient to determine the 
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preBGnce of lead in poisonoiiH quRiitities, therelyre the 
first water drawii ehould always be allowed to escape. 
Daring an outbreak of pluinbisin at Fudsej, Yorka, 
half a grain of lead per gallon was fonnd in the water 
supplied in the morning. In other cases, where the 
direct effects of lead poisoning have not been diagnosed, 
chronic illness has been noticed to disappear on the 
substitution of iron pipiuj; for lead. Mr. Ackroyd, 
public analyst for Halifax, states (January, IS'JO), that 
the " Fly Flats " water, now disused for domestic 
purposes, contains about 5 units of acidity, and would 
dissolve 2 grains of lead piping in an hour. He 
recommended two or more catch-water drains instead 
of one, to diminish the length of peat through 
which the water flowed. The Leeds wat^sr, though 
coming from moorlands, is only slightly plumbo- 
solvent. 

Contamination with sewage, involving the presence 
of nitrites and chlorides, increases the solvent action 
of water, aa do also a high temperature and pressure 
and the presence of air. 

Sir E. Frankland remarks, in cases where the use 
of a lead-contaminated water is unavoidable : 

1. That no water should be collected for drinking 
till the tap has been allowed to run some time, and 
that drinking and cooking water ia better collected 
immediately after a considerable quantity has been 
drawn for other domestic purposes. 

2. That filtration through animal charcoal practi- 
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cally guaranteeB freedom from lead. It is important, 
however, to bear in mind that tlie charcoal does not, 
retain this power indefinitely, but requires to b«j 
renewed from time to time. 

3. That hot water acta more powerfully than cold, 
hence that metal teapots and other soldered vesBels! 
should be avoided as far as possible. 

New and bright lead is at first rather rapidly 
attacked by nearly all waters, hut after a time ths 
white coating of insoluble lead sulphate and carbonata; 
to a great ext-ent protects the surface from furthraJ 
action. When a lead cistern is cleaned out this 
coating should be allowed to remain, and cleaning 
with acids should never be practised, &a bucIi 
procedure has occasionally been attended with 
dangerous consequences. In all Ciisea in which 
suspicion is aroused it is advisable that a full analysis 
of the water be conducted in order to ascertain w' 
method for treatment should be adopted. 

Zinc is easily attacked by most waters, and cistemfl 
of galvanised iron have caused symptoms of irritant 
poisoning. The best material for cisterns is slate. 
Portland cement is also good, if not too bulky and 
heavy. It need hardly be said tliat with new cisterns 
and pipes the water is usually for some time unlit for 
drinking. Tanks of cast-iron plates, bolted together 
and well painted, are durable and inexpensive, but th« 
water should he examined for lead, as sometimes it 
dissolves the latter from th^ paint. 
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CifiteriiB should be protected from frost, dust, and 
dirt, and be easily accessible for cleaning. 

Constant Service. — Most towns have now a constant 
service, but in many parts oE the metropolis an 
intermittent supply still obtains. Under a constant 
system, the pipes being always full and under pres- 
sure, a leakage is sooner detected ; therefore pollution 
by drainage is less likely, the pipes are less subject to 
corrosion, and have therefore a longer life, and the 
maina need not be so capacious. An intermittent 
supply makes the consumer depend on a house cistern, 
and thus increases the danger of contamination, 
unless the precautions already alluded to and due 
attention to cleaning be observed. The penetration 
of sewer gas into cisterns has been shown by Parry 
Laws not to carry with it microbes, hut it nevertheless 
renders the water offensive and unwholesome by the 
sulphuretted hydrogen and ammonia compounds 
which it communicates. Dr. Talbot, of Bow, has 
patented a self- cleansing storage cistern to be used 
with a constant service. It is of funnel shape, and 
ie protected by a lid. 

The Paddington Vestry, in 1897, took action a'^ to 
uncovered water cisterns not being in accord with the 
Public Health {London) Act of 1891. 

One of the advantages that has been claimed for 
cisterns (Sussex County Council, January, 1900), is 
that, where the supply is not copious, they protect the 
conBtimer against the effect of sudden and large 
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demandB, as for street wateriog, a fire, or flusliing 
of BewerE, which Bometimes so reduce the presBure in 
the mams as to wholly cut ofE the supply from houses 
at higher levels. 

In Februnry, 1901, the London "Water Companiea 
issued a circular euforcing the provision of cisterns and 
ball-cocks, but it was subsequently witihdrawn. In 
Berlin and other Continental towns, the whole supply 
is charged tor by meter. 

Until recently the storage and distribution of the 
water supply of towns have been entirely in the hands 
of private companies, but the example of Glasgow, 
Liverpool, and other cities in purchasing these 
undertakings and placing them under municipal 
management, is being followed by other towns. A 
great deal of discussion has taken place in London on 
this point, and although vested interests are opposed 
to any change in this direction, it cannot be long 
before a matter of such importance to the pubHc 
safety as the water supply of the metropoUa will be 
under the control of a responsible and elected body. 

Huddersfield, Yorkshire, ia an example of a town 
where every large local service is under municipal 
control, and with conspicuous success. The capital 
expenditure on the waterworks, over i'100,000, has 
produced an annual net profit of about £5,000. The 
storage capacity of their reservoirs is no less than 
1,500,000,000 gallons. They are formed by embank- 
ments at the end of valleys. Compensation water 
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can be released from the reservoirs into the rivers 
(p. 73). The supply is chiefly moorland, from the 
millstone grit. It has been subject to the lead 
difGcnlty, but chalk has been used as a preventative, 
aa at Sheffield. The water supply is forty-nine gallons 
per house daily. A local Water Act was passed in 1896 
without restrictions, notwithstanding that clauses as 
to filtration or treating had been inserted in the 
Bamsley and Sheffield AVater Bills of the same 
year. 

At present, as pointed oat in the report of the 
Select Committee of the House of Commons on the 
London Water Companies' Bills of 1896, there is in 
London no generul legal control over the periods for 
pumping nor the proper carrying out of subaidence 
or filtration. The Committee considered that " the 
present system of the London Watei- Companies ia 
Lot in accordance with the public interests." 

In many respects, the United States are ahead of 
ua in the care and manaf;ement of water supplies. 
As an example, the regulations passed by the City 
Council of Wilkesbarre, Pennsylvania, may be of 
interest : — 

" Section 1. Any person, companies, or corporations 
wilfully or negligently furnishing to the people of this 
city water for domestic purposes in a state of impurity, 
or impregnated with the germs of disease, or any 
other matters dangerous to health, upon conviction 
thereof shall be required to pay for the first offence 
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a penalty of not more Uian $100, and for every 

aubseqaeiit offence a penalty of not more than $200. 

" Section 2. It shall be the duty of all persons, 
companies, or corporations furnishing to the people 
of this city water tor domestic purposes, through pipes 
located in the public streets, to adopt, use, and main- 
tain in the most efficient condition, and without 
unnecessary interruption, for the purification of the 
said water, some system of filtration now employed 
in the cities of the United States or Europe, which 
experience has shown to be the most effeotiye in 
freeing water from impurities, deleterious organic 
matterH, and gernia of disease, and rendering the same 
clean and wliolesome. 

" Provided, however, that the adoption of the syslem 
of filtration through sand beds, such as are used in 
London and Berlin, shall not be deemed a compliance 
with this ordinance, unless the said sand beds are 
at least five feet deep, and in working the same not 
more than forty gallons of water per square foot of 
area are allowed to pass through said sand beds per 
twenty-four hours. 

" Section 8. It shall be the duty of such persons, 
companies, or corporations to adopt and use, without 
unnecessary interruption, and in the moat efficient 
manner, such measures as may be necessary to pre- 
™nt contamination of the water at its source, and 
■ilaces where it sliall flow or he collected before 
the places where it is filtered, in obedience 
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to the reijuiremeiits of the second Bection of this 
ordinance. 

"Section 4. Any persons violating sections 2 or 8 
pay a penalty of $100 for every day such violation is 
continued. 

" Section 5. For the purpose of aiding the enforce- 
ment of this ordinance the office of water inspector is 
hereby created ; the incumbent thereof shall be an 
expert chemist and bacteriologifit, to be appointed and 
his compensation fixed annually by an ordinance of 
the City Council ; and it shall be the duty of the 
water inspector to make bi-weekly chemical and 
bacteriological analyseB of the water supplied, and 
immediately report the results of the same to the 
Sanitary Committee and to all persons, companies, 
and corporations furnishing the said water, and also 
from time to time inspect the system or systems of 
filtration adopted in obedience to this ordinance, and 
whenever the same are not kept and operated as 
herein specified, make report thereof to the parties 




CHAPTEB Vin. 

PURIFICATION ON A LARGE SCALE. 

NoTWiTHSTANDiNo the fact that the necessity and, 
in most cases, the perfect possibility of obtaining 
a pure water supply has been insisted upon by 
hygtenists for a great number of years, it is still 
a common practice to attempt the purification of 
polluted waters by cnmbrous and expensive systems 
of filter-beds and reservoirs. Such systeraa, how- 
ever, as was shown at Altona in 1892-3, are liable to 
accidental breakdowns, which then not only cause 
widespread inconvenience, but in many cases serioas 
outbreaks of disease. Although such systems are 
wrong in theory and commercially wasteful, after 
they have once been started, the value of the plant 
and vested interests usually provoke such determined 
opposition to any natural scheme, that large popula- 
tions are still persuaded to endure as their drinking 
water what has been described as " diluted and 
purified sewage." As compared with an artificial 
conduit for bringing water from an unpolluted collect- 
ing ground, a river is at once condemned on account 
of tho certainty that it is open to drainage of all 
kinds, and that the so-called self-purification' of a river 
m flow is of doubtful efficacy, and is in most cases 
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ovarbalanced by the conBtant accession of impuritiea 
with which its action is not rapid enough to cope. 

Since, in districts distant from a supply, the rivers 
of the district may be the only source at present 
available, it is necessary to shortly describe the pro- 
ceases by which water originally unfit to drink can be 
altered to a state which is ordinarily harnilcaa to 
the consumer. 

Many vegetable juices containing tannin are capable 
of coagulating the organic matter in very bad waters 
and rendering them comparatively potable. This 
property of barks and woods containing tannin was 
known in very early times, and is referred to in 
Esod. XT- 23. in which passage the word " bitter " 
probably means disagreeable. The Indiana in South 
America are similarly in the habit o[ purifying foul 
ponda by logs of the Peruvian bark (cinchona), and in 
this case the tannins act as a precipitant and the 
quinine aa a febrifuge. The latter has been recom- 
mended to be added to marshy waters in Italy 
and in other places. Strychnns potatorum has also 
been used in India for the same purpose- 

The common process of suJmihnce effected in 
settling tanks and reservoirs accomplishes the almost 
complete removal of suspended solid mineral matters, 
and with them a large proportion of the living or- 
ganisms- Thus, Dr. Percy Frankland, in an examina- 
tion of the iiitalte waters of the West Middlesex Com- 
pany, found 1,437 bacteria per cubic centimetre, whilst 
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after paasing throngh one storage reservoir the number 
was reduced to 318, and after traversing a second reser- 
voir there remained only 177 per cubic centimetre. 
Durin" the process of settling, oxidation ot the dis- 
solved organic matter also takes place ; but, unfor- 
tunately, the deposited bacteria are not killed, and 
continuing to multiply in the muddy sediment, unless 
this is removed at frequent intervals, necessitate 
periodic stoppages for cleansing, and additional reser- 
voirs for the maintenance ot the service- 
Purification by mechanical precipitation is some- 
times adopted, and consists in the addition of a finely 
divided solid, such as clay, chalk, charcoal, coke, 
spongy iron, or porcelain earth, which in its sub- 
sidence ia capable of carrying down with it all solid 
matters, including the germs, so as to leave the water 
clear and almost sterile. Many of these precipitants, 
however, convey to the treated water an unpleasant 
earthy taste, and the same objection as to the settling 
process remains, that the deposit becomes ft nidus 
tor the further development of the microbes, which 
may rise and reader the water at any time unfit 
for use. When waters have a marked colour, alum, 
in the proportion ot about five grains per gallon, 
generally with the subsequent addition ot an equal 
weight of lime, effects clarification and decoloration, 
the flocculent precipitate of alumina, by its well- 
1 mordant action, absorbing the colouring matter 
^ md also entangling all the solid matters in suspension. 
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The mixing of the precipitant should be effected 
without splasliing, in order to avoid the gelatinous 
alumina entangling air, which would retard the rate 
of settling. After alum prefipitation, the sulphates 
of potash or ammonia, and those of the lime and 
magnesia formed, remain in the water, so that 
after such treatment these may be present in such 
quantities ae to render the water undesirable for 
potable purposes or for use in boilers. Sulphate 
of alumina, free from excess of acid and iron, is 
better and cheaper than ordinary alum, and seven- 
tenths of the quantity need only be used. " Alumino- 
ferric " may even sometimes be employed, and ferric 
sulphate ("persulphate of iron"), which has lately 
been highly recommended, is of especial value for 
purifying foul river waters, as it throws down sul- 
phides as well as the matters removed by alum. 
Ferric chloride (perchloride of iron) was formerly much 
nsed : it leaves in solution chlorides instead of sul- . 
phates, and has been objected to because it commonly 
contains arsenic. In any case, when such precipitants 
are employed, it is necessary to carefully determine 
from time to time by analysis the requisite quantity 
to employ, as excess may be most prejudicial. 

Several chemical reagents have been proposed and 
used in the hope of killing the bacteria, or at least 
destroying their food. Manganate and permanganate 
of potassium or Condy's green and red fluids, when 
added to a very foul water until a permanent colour 
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remains for at least fifteen minutea, are capable of 
oxidising the imparities but do not kill the bac- 
teria. When these salts are used a brown precipitate 
of manganese peroxide is formed, and it must be 
removed by filtration or Bottling before the water 
is fit to drink. In fact, all methods of precipitation 
require that the water should be subsequently filtered ; 
and the expense of this operation, coupled with that 
of the chemicals, has caused most of the precipitation 
processes to be abandoned, except in local and tem- 
poraiy cases. 

The various methods nsed for the softening of 
hard waters effect a purification of the water from 
organic matter and organisms at the same time, and 
the results obtained in this way will be further alluded 
to in Chapter X. Agitation with air causes a certain 
amount of improvement, but only a slight effect is 
noticeable in rivers which flow over weira or which 
have waterfalls in their courses. The purifying 
properties of light have long been recognised, and 
even as early as 1640, Dr. Hart cautioned his readers 
against the use of well-water " to which the sun hath 
no reflection." Westbrook has recently, at Marburg, 
carefully studied the influence of sunlight upon cholera 
cultures in water, and has demonstrated that — ■ 

1, The heat of the sun as well as the light has 
an important influence upon organisms in water. 

2. lusolation in presence of a full supply of atmo- 
spheric oxygen effectually and speedily kills germs. 
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3. Sunlight in the abBeuce of air has no germicidal 
properties. 

4. Solar heat of average intensity, when air is 
excluded, causes the organisms to multiply at a 
greater rate. 

Other observers have found that at a depth of six 
or eight feet the destructive property of sunlight 
ceases. It follows that all reservoirs for surface 
u-aters should be shallow, uncovered, and freely ex- 
posed to the air (except in the immediate neighbour- 
hood of towns or factories, where, however, for 
other reasons, such reservoirs should not be placed). 
Deep well and spring waters, on the other hand, 
should, if stored at all, be kept in covered receptacles, 
as algas are thereby prevented from growing (see 
p. 133 )■ 

The immunity obtained by boiling water before 
drinking is now almost universally recognised, and 
if regularity of such procedure could be relied on, 
it would perhaps he the most satisfactory method 
for ensuring safety. 

In an outbreak of cholera in the East Lineashire 
Regiment at Lucluiow, the "E" Company, though 
living under the same conditions as the rest, entirely 
escaped. 

Mr. Hankin {Cholera in Induut Cantonments) says: — 

" On questioning the colour-sergeant of this company, 

the mystery at first appeared to deepen, for he roundly 

< asserted that the men under his charge had exactly 

I W.P. u 
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tlie same supplies of fuod and water as tbe rest of the 
regiment. But on his being pressed aa to how he 
knew ihiit the ivater supply was the same, he replied 
that he ought to know, if anybody, ' a,s he boiled it 
himself ! ' Needlesa to say, that on making inquiries 
it was found this simple sanitury precaution had not 
been taken liy the other colour-sergeantB." 

Sterilisation by heat was first prac tit ally applied 
about 1888 by the late Chtirlcu llerscher, while other 
apparatus, such as the Vaillard-Desmaroux, and in 
the United States the Waterhouse-Forbes, have since 
been introduced. Smaller " steriliaerB," based on the 
fact that prolonged heating to 100° C. destroys almost 
all the germs, are widely used in laboratories. Coiled 
water, however, is flat and insipid, and the process on a 
large scale is precluded by the expense. A shorter expo- 
sure to a higher temperature under pressure effects 
complete sterihsation, while the gases dissolved in the 
water are not lost. If the sterilised water is made to 
heat the incoming fluid, considerable economy in fuel 
is effected, so that the water discharged from the 
apparatus has practically the temperature of that 
which enters, and in this way the heat required to 
be maintained is only that which theoretically should 
be attributed to losses by radiation. Amongat 
the many different forms of sterilisers, that entitled 
the Equifex, manufactured under the Geiieste- 
Herscher patent, is perhaps the best known. It 
consists of four distinct parts : A heater, which 
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is fired in any suitivble way, and mainUiiis the boiler 
at a temperature of between 120° and 130" C. The 
heater is fitted with a pressure valve, so that the 
water therein never boils while it remains within 

the heater for the time necessary to effect sterilisation. 




L 



Fia, SI.— Equtfi 

jnnection with the heater is a serpentine tubefl 

ugh which the sterilised water passes and gives 

its heat to the misteriliaed water entering the 

iler. The sterilised water finally passes through 

sand-filter, which removes any suspended matter. 

Such apparatus have been erected in hospitals and 

u 2 
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, and have been usei] by the French fleet 
at Bretit, and by the town of Parthenfty, in France. 
Kiihn, who has devised a similar apparatus, state's 
that, with a eteriliser of ten cubic metres capacity, 
22,000 gallons of water per day, or double that quantity 
if worked at night, can be produced, so that a battery 
of these sterilisers could easily deal wilh the water 
supply of a town. Although on a small scale, the 
cost of healing is high, it is obvious if the regenerative 
principle be succeaafully applied, the fuel required 
is very small, as the only essential of a perfect 
apparatus is, that each unit of water shall be sub- 
jected to a high temperature for a short time, without 
permanently removing any of the beat required to 
produce that temperature. 

It is important to note that cold or freezing does 
not render a water safe for driulung purposes. In- 
fectious diseases have been traced to the consumption 
of ice-creams made from unfiltered and contaminated 
water. At King's Lynn, in 1H92, during a frost, 
there was a considerable storage of the discharges of 
typhoid patients on land sloping to a river bank. On 
the snow nieltmg, thirty-nine houses, drawing their 
supply from the river, were infected with typhoid 
fever. 

Dr. Christmas, in 1892, showed that citric acid, in the 
proportion of ei<;ht in 10,000, was fatal to the cholera 
bacillus, but did not destroy that of typhoid 
strength than one in 1,000. He pi 
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times of cholern, lioiise-siipplies should be Bteriliaed 
by orldin^' itbout 60 grns. per gallon of tliis acid to the 
waler daily. 

Anderson's process consists in stibjoctiiig the walov 
during ite pasBa;;;e through revolving drums to tliv 
action of a continuous shower of uietitllic iron. The 
water afterwards passes over cascndes to remove 
dissolved iron by oxidation, is thfin allowed to nettlo 
in tiinkB, and is finiilly tiitered through sand. The 
process is in use at Antwerp, Worcester, and other 
places, and scema to give both beller clieuiiral and 
bacterial results than those obtained by Band lilterii 
■ alone. "The water of llie Dtbiware at Philadelphia, 
and of the Mississippi at Muiiiphis, have also been 
treated with iron; and LelTriiaiin and Deani, who 
examined the process in 18!J0, showed that in both 
rivers the amount of organic matter underwent a con- 
siderable diminution, and that llie action wis one of 
oxidation. Mr. Anderson himself maintains that the 
effect of Ilia machine is almost entirely a niochanical 
one, due to the absorbent properties of the flocculent 
oside of iron. No iron remains in the finally puriliAd 
wat r, and the temi>orury hardness is reduced. 

The process is particularly snccesflfiil with the 
water of the Nile, which is completely clarified by 
mere decaulu'ion in a very short time after nhaking 
up with iron, while otherwrne it remairiH turbid for 
weeks and opaltscent for montliB. The most diRicult 
< ura those derived from peaty 
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grounda, a3 it is not easy ftfterwarda to completely 
remove the iron. Here alum precipitation would 
seem to be preferahle. In the cane ot the Delaware I 
am informed that " the dilliculty of causing the com- 
plete reprecipit ition of tho iron was very great, and 
the oxide formed ssparated in euch a fine state of 
division that it very rapidly clogged up the filter bed." 

Suhumhei-g's bromine procesa tor purifying water 
(Ptuhl, /^nts. /. Iln'jienc, 1900, 53) is specially 
advocated for army purposes, for steiiliaing wat«r in 
the tropics, for use on ship-board, and in the case of 
ivater supplies of suspected or infected harbours. 
It consists in adding O'OG gram of free bromine, 
dissolved in potassium bromide sohition, for every 
litre of water. The excess of bromine is removed by 
adding an eTuivalent quantity of ammonia, or other 
"antibrom," so as to rendtr tlie water palatable. 
Ffubl states that the small quantity of bromide 
present is enliiely devoid of the possibility of injury 
to health, and that the taste can scarcely be dis- 
tinguished trom that of the water before treatment. 

In July, lftS'7 Braithwaito suggested the use of a 
mixture of hromide and bromate, followed by a tabloid 
of acid sulphate ot soda or potash to liberate the 
bromme. May, Baker and Co. sell a similar mixture 
under the name of "bromidine." The quantity of 
bromine recommended was that obtained from two 
grains of bromide, or about one gi'ain i>er qu 
which give.s only about one part in 17,600 i ' 
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This quantity is much siiinller than the nuthuritiue 
recommeml for sterilisation. Ahout ono jmvt in 
2,000 seems to be u safe quantity to use. or iiino 
times the amount suggested above ; ami this wouhl 
render the quantity of bromide finnlly formed and 
remainmg in the water rather too liij-Ii for diototic 
UBe. 

The author, in conjunction with Dr. L. TiirUfH.* 
has suggested a method of preventing llie danger o( 
enteric fever, when, an in the case of armies in thti 
field, the only drinking water available may he 
polluted, and boiling or proper filtration is not 
possible. A tin of tubloids is carried, eat^h one 
containing five grains of bisniphate of soda, NaHSOt. 
Three of the tabloids are dissolved in each pint of 
water and allowed to remain at least fifteen niinutca 
before drinking; this is found tn be fatal to the 
typhoid bacillus in the ijiiaiitities met with. The water 
BO treated has a pleasant auidulous taste, is more efifec- 
tive in slaking thirst, and has no injurious physio- 
logical effect. A tin of 8.'>0 tabloids weighs about 4 oe. 

Iodine, chloride of lime, and other reagents have 
been proposed, and B. Krohnke, in IHJCt, suggested 
cuprous chloride, CuuCI^, esjiecially fur the Elbe at 
ilambnrg. One twu-hundred-thousandlh part-— about 
a third o( a grain per gallon —together witbUEotO' 
snlpbftte of iron, were mixed with the water. Wik ^^ 
end uf MX liooMlMlllABdlid^^tKmsandth part M Km<; 
', iiwi. 
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was added, and after deposition the liquid was filtered 
through sand. The water, which originally contained 
forty to fifty thousand germs per cubic centimetre, 
was thus completely sterilised, and was clear, almost 
colourless, and free from iron and copper. The sand 
filter could be used a long time without cleaning, and 
the copper was recoverable from the sediment. Such 
results would be of great importance were it not for 
the fact that, in working, any deviation, either by 
accident or carelessness, from the prescribed quan- 
tities, would lead to the water becoming poisonous. 
Besides, it is well known that as nothing is absolutely 
insoluble, precipitation never removes the last traces. 
It may, therefore, be laid down that no poisonous 
chemical reagent should be used in the purification 
of water for drinking. To trade purposes the same 
objection does not always apply. 

Complete oxidation would seem to be the natural 
process for the destruction of organic matter, both 
living and dead ; under the usual circumstances, how- 
ever, atmospheric or ordinary oxygen will not act on 
most varieties of organic matter without the help of 
microbes. Ozone, the specially active modification of 
oxygen, produced by electricity or by slow oxidation, 
such as that of phosphorus or essential oils in air, 
can, on the other hand, attack, bleach, and entirely 
oxidise organic matter. Even such resistant- sub- 
stances as indiarubber are corroded and destroyed bjr 
ozone. Baron Tindal about 1896 proposed to tl 
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muiiicipulity of Paris to storiiise, liy nieana of ozone, 
5,C00 cubic metres (1,100,000 gallotiH) of crude 
Seine water daily. Hia system was iiistalled esperi- 
mentally at Paria, BrusBels, and Osteiid, and in 180H. 
was adopted officially for limited supplies in France 
and Belgium, and since then on a couipltte Bpale for 
the cities of Lille and Moscow.* Tii save the OKone, 
much of the impurity is first removed liy filtration. The 
coat ia given as about Jd. per 1,000 gullons. One of 
the most energetic of sterilisers ia pKi oxide of chlorine, 
Cl-iOi (Howatson, Neuilly, Paris), employed at Ostend, 
Brussels, and Lecloure (France). It is prepared from 
sulphuric acid and chlorate of potash, the gas be'ng 
passed into water. 

Bacteria intioduced into waters protected from 
further admixture almost invariably thrive up to a 
certain point, and then undergo diminution in nuuiliers, 
and finally may entirely disaiipear. Pol and Duniont 
found that water placed in a vessel simply closed by 
a plug of cotton wool, and containing on December 
24th, 1894, 150,000 microbes per cubic centimetre 
on December Slst had only 12,000, and on January 
Ifith, 7,000, losses of 94 and 95S per cent, respectively. 

There are three ways iu which the bacteria are 
reduced : — 

1. They may actually feed on one another. Many 

common and vigorous, but harmless, forms rapidly 

exterminate the bacteria of disease, such as that of 

typhoid. 

* Marmict and Alirabam's process. 
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. Thej may exhaust their food supply and Buffei 
Btarvation. This occurs when single isolated organisms 
undergo rapid multiFlieation. 

S. They maj evolve products, excreta of their life, 
which are actually poisonous to themselves. Some of 
these tosinee and " ploniaines" have Leen isolated, 
and have proved to be also active poisons to higher 
forms of life. 

As will be further explained in the section on 
bacteriology (p. 289), several micro-organisms are 
distingiUKhed by the properly of liquefying the 
gelatine in the ■"culture tubes" in which they are 
grown, after which they break it down into simpler 
compounds in the ordinary course. The changes 
which take place in water usually follow four distinct 
stages under "aerobic" conditions — that is, in the 
presence of air, and by the influence of common water 
bacteria : — 

1. The destruction of pathogenic organiems by non- 
pathogenic forms. 

2. The " hydrolysis " or splitting up of the complex 
BolidH l!y combination with water, yielding simpler 
compounds in solution. 

3. The conversion of these soluhle organic substances 
into still more unstable compounds, and eventually 
their complete resolution by water and oxygen mto 
carbonic acid and ammonia. This part of the process 
is analogous to the chemist's procednre in iltstitling a 
water with alkaline i>ermanKiu)alata||j|^^*ii)baminoid 
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niumonia " methoil ot water nnalyBis (p. 270). The 
"tree" ammoiiiu of the chemist reprcBeiitB mainly 
what the bacteria have previously done ; tlie " albu- 
minoid" the bacterial work in progress. Therefore 
this method of analyaiH, altliough it does not give all 
the nitrogen, gives a valuable indication ol the degree 
to which a water has been polluted and of the stage at 
which its natural puriDealion has arrived. 

4. The oxidation of ammonia by two clasttes of 
"nitrifying organisms" (p. 114) into nitrons and nitric 
acids. The presence ot peaty or humous matters, and 
of organic matters fermented as above, and ot dis- 
solved oxygen, is necessary for this final transfor- 
mation. Under certain conditions, particularly the 
absence of oxygen, certain "denitrifying" organisms 
effect a retrograde ch titge ot nitrates uito nitrites ; 
and even to lower osides of nitrogen and nitrogen itself. 
This action also effects an oxidation of carbon, and 
must frequently lake place in polluted waters, as shown 
by the loss of nitrogen {pp. 20!), 271). W. Adeney uses 
the name " bacteriolysis" tor the second and third of 
these processes, as distinguished from the nitrification 
ot the last stage, 

Mr. Scott MoncrielT has introduced a method for the 

Bj-Btematic cultivation of bacteria ii] tanks, with the 

object of pnrifyijig sewage before its discharge into 

HtrnAma. Rv this means the solid organic matters 

3 bacteria, so that tha toi'mation ot 

1, and the organic matter in solution 
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is finally acted upon by the nitrifying organisms. 
Mr, Cameron, the city surveyor of Exeter, has 
obtiined siniilnr mitisfiictory results with sewage by 
the well-known " seijtic tank proceaa." 

AH river waters contain a considerable amount of 
suspended mutter, in which the microscopical exami- 
nation has fretjuenlly revealed distinct evidence of 
animal iiolliition, besides the presence of large 
numbers of the smaller algfc, and of earthy matter 
and vegetable ileliria. A water which is thus a mis- 
cellaneous drainage will carry with it any pollution 
from surviving germs that may occur at any point of 
the watersheds, and is a likely bearer of any acci- 
deutal contagion to the localities supplied. Epidtimica 
from such a cause have repeatedly been recorded, 
when typhoid has been conveyed perhaps from a 
single cottage by moans of b small brook to a large 
population. The soakage of farm manure is also 
capable of carrying internul parasites, besides what 
may be communicated by animals drinking and 
wading in the brooks on the higher lands. The 
unguarded supply of a water of tliis character would 
Iherefore be au open danger. It has been established 
by rt'porta of Royal Commissious and by other inves- 
ligatione Lbat el^ieiimt sand filtration is capable oF 
iiptirities, and no niisj- 
ni ground wholly or 
■ '^ shoiiM he permitted 
ary to prove 
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the absolute presence oE ft pathogenic organiam in the 
water, but only to point out that wbere such large 
orgaiiisms as are founJ in these waters can pass, the 
siualler bacteria of diHease could easily travel. Even 
the algBB and mineral and vegetal dibits cannot bo 
considered wholesome, as they promote undesirable 
changea in the water. 

That liltered water is comparatively safe, and that 
unliltered is certain at some time or another to 
carry disease, has been proved by the history of a 
large number of epidemics, from the early outbreak 
at Terling in Essex, to llie more recent experiences at 
Hamburg. Speaking of tbe latter city. Dr. lieincke 
says " that the present favourable and heretofore 
unattainable status of t\phoid fever is to be largely 
credited to the filtered water supply." It is significant 
that Botterdam, with sand-filtered wsttw from the 
Itiver Maas, has a death-rate from typhoid of only 5'7 
per 100,000 ; Dresden, Berlin, and Copenhagen, all 
with filtered water originally of more or less indifferent 
character, have typhoid death-rates of G'2, T'l, and 
9-0 respectively, whereas Sydney, N.S.W., with 
impounded unfiltered river water, has 22, and even 
Glasgow, with tbe very pure upland water of Loch 
Katrine, unjUttri'ii , has a typboid rate of 2a per 
100,000. 

Kami fihiatiiin has undergone a great change within 
recent years, owing to the fact that whereas it was 
'formerly considered that a filter-bed, in order to be 
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active, should be new and frequently changed, it is 
now known that clean and sterilised eand, beyond 
Btraining out suspended matter, exerta no purifying 
aclion on the water. It haa also been repeatedly 
demonstrated that atmospheric oxygen will not act 
on organic matter -without microbes. This was inci- 
dentally a complete settlement of the disputed question 
between the schools of Dra. Tidy and Frankland with 
reference to the natural oxidation of rivers during 
flow. The final result depends on the nature 
and number of the microbes as well as upon the 
aeration. 

The first sand Jilter in London was constructed for 
the Chelsea Company hy Simpson about 1829, but 
the system of sand filtration had been adopted by 
some pi-ovincial waterworks prior to this date. It is 
now estimated by Haaen that the number of people 
in Euvoi)e supplied with sand-filtered water is over 
twenty millions. 

On the surface of a sand filter-bed a kind of 
slime, composed of finely-divided clay, together with a 
felted mass of bacteria, algie, and diatoms, entangled 
in a gelatinous layer, acciimulaten and forms a culti- 
vation bed where the main purification of the water 
takes place. Dr. Kemna suggests that this surface 
layer of a matured sand-liUer acts similarly to a 
spider's web, so that the surface tension of the liquid 
when in an exceedingly thin film on the growth 
formed on the top of the filter causes it to act a» 
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ii "microbe trap." Diatoms ot tew kinds exist in 
large numbers in winter, but, in the Bpring green algm 
appear, the diiitoms diminish in number and their 
species vary. Lnter in the BUmmer blue algie make 
their appearance, and do nnt die out until the late 
aatiimn. At Waelhem, Dr. Kemiia finds Md'isirn and 
Fmijilajia the dominant diatoms in winter, whilst in 
the spring species of Si/iieilra and Ci/cloleltia are 
abundant. According to his experience, by far the most 
effective strainer is Hi/drodictjjim , a green alga with 
the cells joined in hexagonal meshes, which forms 
sometimes a layer a foot thick over the whole surface. 
"The filtera then run a good deal longer, and when 
cleaning the men roll the growth up like a carpet." 

A sand filter does not, therefore, attain its ma.^imnm 
e£6ciency until this jelly layer has been prodnc«d. 
Purification is also effected for an indefinite period by 
the action of the nitrifying organisms immediately 
hetow this film. Wlien through clo;;ging the flow 
falls below a certain rate (p. 183), the surface is 
ekimmed and renewed with fresh sand ; after some 
' days it regains efficiency. 

All filtera, however, must be worked with periodic 
testing, since a gradual growth ot some bacteria 
through the au'oBtance takes place, and the effluent 
water is at length found to contain these organisms 
in undue numbers, so that it becomes necessary for 
the whole mass to be renewed. The upper layer of 
ft filter-bed thus acts mechanically, by straining off 
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the Bolida and rendering the water clear, as well as 
chemically and bacteriologically. At Berlin and 
other places the formation of the upper active layer 
is hastened by spreading over the surface yome of the 
top layer, known as "ripe" Band, Bcraped off at a 
previous cleaning. 

M, Piefke has shown that, to obtain less than 100 
colonies of microbes per cubic centimetre, it is neces- 
sary for the filter to have been at work for at least 
eight days, during which the water must be run to 
whereas, he states, the hon or Anderson process 
gives the same result in two or three days. The 
essential features of a good sand filter have been 
worked out at Lawrence by the Massachusetts State 
Board of Health. 

The new filtration works at Hamburg comprise : — 

1. Tlie use of sedimentary basins, 

2. Dividing the filtering area into numerous small 
surfaces, each of which can be readily disconnected 
without interfering with the others. 

3. Systematic and constant bacteriological super- 
vision, as it is only in this way that any proof of the 
efficiency of a filter at any given time is assured. 
Occai^ional chemical analysis of the water in order 
to ascei'tain whether the oxidation into nitrates is 
regularly maintained. 

At Hamburg and Berlin Koch's limits are adopted, 

and the conditions which ne has laid down may be 

amarised as follows : — 
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(a) No water is allowed to pas3 through a filter at a 
fijieed of more than 100 milUmetres (about four inches) 
per hour. 

(h) Each filter must have a contrivance hy which 
the movement ot the water in the filter can be 
restricted to a certain face and contimialiy regulated, 
and must further be provided with an arrangement 
by which eumplea of the filtered water may be taken 
at any time. 

{'■) A bacteriological examination by cultures must 
be made daily, 

((() Water containing more than 100 germs per cubic 
centimetre must not be allowed to pass into consump- 
tion. Although this is an arbitrary rule, it is one 
which may be regarded as tolerably eafe, although, 
of course, even when such a small number is per- 
mitted in the filtrate, pathogenic organisms may be 



Intermiltnit Filtration. — Another advantage of 
having a larger number of filter-beds of smaller size 
is that short periods of rest can be arranged wherein 
the layers may become aerated. The purifying 
organisms are mostly aeruhic, or require oxygen, hence 
no filter can work satisfactorily if continuously water- 
logged. For this reason the Massachusetts Board , ^ 
prefer intermittent filtration, Thty say (Report, Part 
2, 1890) : " If we apply one day to the surface of an 
open body of sand one inch of water and next day 
another, we shall find that the water will go down each 

W.P. H 
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day about nine inches ; in this siiace nearly two-thirda 
is sand, one-ninth water, and one-quarter air. The 
water ib in an extremely fine layer over pfirtieles of 
sand, and intimately mingled with about twice its 
volume of air. It ia jiuslied down each day, and the 
same amount isBUes at the bottom. Fresh air \a 
brought in with the incoming water, so ihat if the 
sand be iivo feet tliicls, the water of any day will !« 
slowly moving for a week over sand with two volumes 
of air." Sand which is too fine may remain saturated 
with water the whole depth, hence the advantage of 
using coarse eand and gravel. In London and in 
large towns where the demand is very great, it is 
difficult to afford periods of rest with the present large 
area filters ; but with smaller ones, used in rotation, it 
could he more easily managed. 

At Hamburg there are four settling tanks, each 
holding water enough for a day's supply, and having 
an area of about twenty acres. Each of these in turn 
is allowed to fill, and then rest for twenty-four hours, 
when the clear water is pumped off and the sediment 
removed. 

About thirty filters are alternately in use. The 
medium employed consists of an eight-inch layer of 
small stones, then eight inuhes of gravel, and the same 
depth of coarse sand, followed by three feet of fine 
sand. The water is admitted wilh special care so as 
not to disturb the surface, and a depth of three feet is 
maintained ahovo the sand. With this head of water 
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the proper rate of filtration is Beciired. As the bed 
becomes choked, the head of water has to tiu iiicreoaod, 
hat there soon arrives a hmit when the IHtt^'r has to be 
thrown oat of rotation and cleaned. Kach tiltor has a 
separate oatlet, where samples for analvsis cnn 1)6 
taken, and arrangements are provided for aeration. 
The total cost of the works was less than £.^00,000, 
and the supply will be ample for many years to 
come. 

At Warsaw the water is kept under cover, but in 
other respects the arrangements are similar to those 
at Hamburg. At Lawrence, Mass., the impure water 
of the Merrimac is passed through tour and a halt 
ft:et of sand, and the bacteria reduced from 0,000 
to 150 per cubic centimetre. The avorage speed 
of filtration is from five to eight feet per twenty-four 
hours. At all these places the death-rate from 
zymotic diseases has been very markedly reduct'd. 

At Zurich four inches of gardun soil are intro- 
duced into the filter-bed lo promote nitrification. 
The filters are of gravel and about four feet of siiud, 
and are run at four times the rate recoujniended 
above, but the lake water which forms the HUjpIy 
is of exceptional purity. At certain periods of warm 
weather, chiefly from July to Heptember, a slimy layer 
called " waterbloom," consisting of microscopic algte, 
makes its appearance on the surface, which requires 
removal, as it rapidly blocks the filter and gives the 
water a bad taste, variously described as "fisby," 
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ijkAtr uteuaijx o'jnbifcii ul a iaver of Baud iwc lo lour 
uJid a iiaif ihhX in iLi'.-kn*?**, viib grave] arid sLonet 
l*f^iw. *J*Li:: n^ht^rynirh ';/.»utaiu L'*yiJj iwo lo fourtieen 
da>fc" fcuj.»j.'lv. TljLt d«i:y raU; ^>f liliraiio3J bLo'jid not 
Ijt mviii thaij 2/.»</J;<'//J ;;a]lu:it ]jer acrt. but in tiiLefe 
<A ;;i>;at d<-maJid tL-ih i>r (A\^j} *:"L*'Jhh<ihi, 

l>r. Bljj'iev Murpby. iu Lit repa'1 lo the Loijdou 
O^uiJtv O-^'JiK-il lor J*?!.'*^. drawr aluutioD lo the 

of tvpboJd jjj tb<r lafct ww'L': of the vear lbron;:b'.ut 
ibt wbok of lb<: jjjetroi>'^liuiJj area aviilj the exc^i'tion 
of Ujal huj;]Ji«5<] by "waU-r fjom the East London and 
iiiiiA \Sii\A^r ComjyajjK-h; wiili the ini-ufficiency of 
filtralion. du*? U> ibe flo'/'lb in the Tbaines and Lea. 
w|ji<:lj prevail(;d at that ^zUlWiu. Tbih relation l>etween 
imttitti^i iA (inU:ri<: hvfir, and inhuflicient filtration 
on the imrt of the London Water Companies, was 
confirmed by an examination of tlie outbreaks of this 
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disense in suburban areas, where a Bimilar coincidence 
was noticed. In provincial towns supplied witb 
adequately filtered water, during the same period 
the number of cases of enteric fever notified was 
normal. 

Sediment reservoirs occupy an immense amount 
of ground and are expensive, while in warm climatea 
they cannot be prevented from becoming tonl through 
the rapid gi'owth of vegetation and animal life. The 
SiddeU . filter is extensively used in America, and 
lately in India, tor rapidly removing the coarser 
impurities. Closed iron vessels are fitted with fine 
Bind, through which the water is forced under pres- 
sure at almost i\ny re<iuired rate. The inlet is through 
nidial arms attached to a piston. When the gauge 
indicates that the resistance has loo much increast 
water is forced in from below to disintegrate the bed, 
then clean water is admitted by the radial arms, 
which are worked up and down to thoroughly mix 
and scour the sand, the washings escaping through 
strainers. Subsequent removal of the bacteria by 
finer filtration is afterwards necessary. 

Althougli filtration through sand has never suc- 
ceeded in removing the whok of the bacteria from 
water, the reduction in their numbers is very great, 
amounting, according to Frankland, to about !)!)'5 per 
ceut. A tew instances may be tjuoted of the effect of 
filtration on the health of cities. 

The Hamburg cholera outbreak of 1893, which 
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occasioned nearly 9,000 deaths, was traced to the. 
unaltered water of the Elbe. Altona, drinking the 
same water after filtration through sand, escaped, 
except on certain occasions of the break-down of the 
filters. Since London waters have been filtered, the 
typhoid rate has fallen 86 per cent. In Warsaw, 
after the same precaution, the disease, which had 
been extremely prevalent, nearly disappeared. In 
Lawrence, Mass , the recurrent epidemics had ceased. 
The mean typhoid rate in cities both in Europe and 
the United States employing unfiltered water, was 
many times higher than those where the water was 
filtered. Prgft^. W. Hill, of Cincinnati, gives the 
following typhoid death-rates per 100,000, being the 
averages of seven years to December, 1896 : — 

1. Cities using lake water. — Chicago, 71; Mil- 
waukee, 29 ; Detroit, 30 ; Cleveland, 46 ; BuflFalo, 84 ; 
average, 42. 

2. Cities nsing river water. — Pittsburg, 84 ; Phila- 
delphia, 45; Cincinnati, 49 ; Louisville, 74 ; St. Louis, 
89 ; average, 58. 

8. Cities using Jilt ered river water. — London, 14*4; 
Berlin, 7*1 ; Rotterdam, 5'7 ; Hamburg (since 
1898), 7-0. 

4. Cities using nnfiltered mountain spring water. — 
Vienna, 6*55 ; Munich, 5-94.* 

It has been proposed to seed the upper bacterial layer, ^^^ 
** top-slirae," or ** Schmutzdecke,** with cultiyationBC 

• See Fucrtcs' '• Water and Public Health," Wiley, Now Ye* 
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speciitUy native or rapidly liquefying organisms, but 
natural selection would soon interfere with this, while 
practically accomplishing the same end. The number 
of coloniis is greatest at the surface of the sand, and 
decreases very rapidly in the successive layers beneath, 
the thickuess of tlie main layer being about half an 
inch. In intermittent filters the upper slime is not 
considered of bo much importance, the main action 
occurring in the interior of the bed. With reference 
to this system, as carried out at Lawrence, .Mass., it 
is said that since it was put in service four years a 
it appears frotn the bacterial results and the local 
typhoid rates, not to have attained the high standard 
of efficiency reached by the continuous sand lilters of 
Europe. "Aeration of the bed, so essential when 
treating sewage, is hardly necessary when dealing 
with water, which carries in solution siilficient oxygen 
to do all the work required." 

Subsith-nce bfifore FUtraHon (p. 157).— The following 
is approximately the number of days allowed in various 
waterworks. A good deal depends on the capacity 
of the reservoirs: East London, 15; Chelsea, 12; 
Lambeth, 6; West Middlesex, 5'6; New River, 4-4 ; 
Southwark and Vauxhall, 4'1 ; Grand Junction, 3-3 ; 
Hamburg, 1 to IJ ; Berlin and Rotterdam, 1. 

Rate of Filtration. — This will be by no means the 
same for all waters. As already mentioned at p. 177, 
Ihe Berlin standard iKoch's limit) is 100 millimetres 
— about four III. -.11 I. I lo about two 
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million gallons per acre per day. The actual rates 
for different supplies have been recorded as : — 

London. — East London and West Middlesex 2j 
inches, Southwark 2*7, Chelsea 3'3 New River and 
Grand Junction 4*0, Lambeth 4*1. 

Bradford 4*2, Carlisle 2*2, Dumfries 8*5, Leeds 4 
Leicester 3"4, Liverpool 4. 

Stuttgart 3*3, Altona 4, Berlin 4 to 5, Zuricl 
11-5 to 16-4, Oporto 21-3. 

The velocity at Zurich is extraordinary, sometimes 
amounting to forty-four feet per day (Bertschinger). 
The Massachusetts Board find that although four 
inches per hour should not be exceeded in moderately 
new filters, an older and ** riper " one will allow a 
much higher rate of delivery, stating however at the 
same time that the proportion of bacteria removed is 
with two miUion gallons per acre 99*75 to 99*49 per 
cent. ; with five millions 99*37, and with eight millions 
99*2. Koch states that a severe epidemic of cholera 
at Nietleben asylum was clearly traced to improper 
treatment of the sand filters and to over rapidity — 
about seven inches of descent per hour. 

Head of Water. — When new or after cleaning, only 
a few inches of **head" may be required: as the 
porosity diminishes in use by the accumulation of 
slime the height must be increased. In Continental 
cities the head of water varies from 4 feet 3 inches at 
Schweinfurth to 14 feet 4 inches at Brieg (Kummel), 
with Hamburg 3 feet 6 inches, and Berlin from 3^ to 
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32 inches. At Hudson, N. Y., it varies from a tew 
inches to over 6 feet (^faaon), but in England the 
surface is usually cleaned when for an effective rate 
the head much exceeds 3 feet. Any sudden alteration 
of the head, or the rate of filtration, disturbs the 
layers of bacteiia and is apt to wash them through 
the filter, so that in proimrly constructed plant regu- 
lators are provided, consisting of floats controlling the 
effluent orifice, with sliding valves or sluices tor the 
inlets. 

The area of filtering surface required is given by 

the formula A =Y,, whore Q is the maximum daily 

demand in cubic feet, F the filtering rate in feet, and 
A the area in square feet, to which must be added a 
reserve tor use while portions are being cleaned. 

The rate of filtering will depend upon (1) the fine- 
ness of the upper layer of sand, (2) the effective head 
of water, (3) the condition of the unfiltered water, 
(4) temperature: near 32'"* F. the yield is only about 
half that at 77° (Hazen). 

The construction and dimensions of filter-beds are 
described in detail in engineering works, but a general 
type of a good filter may be briefly given. 

To exclude surface drainage the floor and sides are 
made impervious by clay puddle, and lined with 
masonry or brick a set in cement. 

Over the drains, in the bottom of the filter, are laid 
nine to twelve inches of stones or large gravel, then 
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six to twelve inches of smaller gravel in layers 
diminishing in coarseness, about a foot of coarse 
sand, and finally three feet of fine sand. Thus the 
materials are ** graded " upwards as to size, and the 
upper layer is regulated as to uniformity by sifting 
and elutriation, the finest particles being usually 
about 0*1 millimetre in diameter. The materials are 
washed carefully, but not sterilised (p. 174). 

Size of Sand, — In mixed materials containing par- 
ticles of various sizes the water is forced to go round 
the larger and through the finer portions which 
occupy the intervening spaces, so that it is the finest 
portion which mainly determines the character of the 
sand for filtration. 

The Massachusetts State Board of Health have 
recommended for general use two technical terms 
which are explained as follows : — 

Effective size of sand grain ''is that diameter than 
which 10 per cent, of the mass by weight is smaller, 
and 90 per cent, larger in size." 

Utiiformit}/ coefficient **is the ratio of the diameter 
of tlio sand than which 60 per cent, by weight is finer, 
to the diameter than which 10 per cent, is finer." 
Thus, if 60 per cent, of the sand is less than 0*50 
millimetres, and 10 per cent, is less than 0*25 milli- 
metres, the ** uniformity coefficient *' is ^-^rz or 2, 

while the ** effective size" is 0*25. 

To determine these factors, a weighed quantity 
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of the BanJ is passed through a series of sieves 
(generally eifjhl) of t^raduuted fineness, and the weight 
of the tractions, and the width of mesh, plotted as 
abscisste and ordinatea on a curve, remembering thnt 
the amount that h.>s p:iased through the coarsest 
bieve will he the sum of the amounts on all the other?*, 
and ao on. The diameters corresponding to 60 mid 
10 per cent, are then found on the acalo. A low 
uniformity coefficient implies regularity in sizR and 
larger water spaces ; a high one means greater irregu- 
larity and smaller voids. The average size in mLxed 
sand is always greater than the effective size, and it 
was found at Lawrence that the 10 per cent, of finer 
sand has as much effect on filtration as the 90 per 
cent, of coarse. 

Both the quality of the effluent and the cost of 
liltratio'i dei>end on the selection of a sand of appro- 
priate &ize, as with finer grades the fiUev cloga quicker 
and washing is more difficult. In Hullund, the finest 
sand is used, of an effsctive size of 0'17 to 0'19 milli- 
metre; no sand is re-washed, now being always used 
for rofilhng. These waters, however, are nearly clear 
before filtration, or the beds would soon become 
obstructed. By sand of 004 to 006 millimetre, water 
may be made sterile, but the rate o! delivery is impoB- 
eibly slow, and the use of pressure is not satisfactory. 
At Berlin (Lake Miiggel) the top layer is only 24 
inches ; in some cities it ranges up to 52. The factors 
most suitable must be regulated by local circum- 
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It will be shown subsequently (p. 202) that the 
bacterial efficiency only partially depends on the 
size of the sand grains, since many of the organisms 
are smaller than the interspaces of even the finest 
sand : their removal is due to their entanglement by 
*-he Booglcea film surrounding the grains, to their 
'^'^^QOnism, and to the destructive influence 
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of nitrification. It was proved, however, by the 
MtLssAcIiusetts experiments that "fineness ot sand 
and effective bacterial elBcieney march pari passu." 
Sir Edward Franltland gives the following results in 
confirmation, observing that " the West Middlesex 
Company, by the use of finer aand, is able with much 
less storage to attain a higher degree of efficiency 
than the Chelsea Company." 

™^..Mnf ''"z:zt'" P--t^"' 

Thaueb, 

Chelsen i'O 2GI0 G^O 

West Middlesex ... 2'75 78'19 S'S 

OraDdJunction ... 2'25 2370 89 

Now River 1-3 60-26 2-2 

. East Loudon 2-0 S3'12 3-1 

"This table also shows that thickness of sand has 
much less effect than mi^bt have been expected — 
a conclusion wbich is confirmed at Massachusetts, 
where it has been found that the depth of sand 
between one foot and five feet exercises no practical 
effect ou bacterial purity when a proper rate of 
filtration is maintained." 

Cases occur in which waters, especially those of 
rivers, are only imperfectly clarified even by the 
finest sand. The Nile water presented great difBculty 
from this cause, but was cleared with facility by 
Anderson's process (p. 16a). Prof. H. liobinson 
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states that the Ttiver Plat«, containing a qnantity 4 
finely comminuted clay, giving a yellowish tint, paast 
Blill turbid through very fine sand and even througl 
the finest filter {mper, whereas a filter of altemaCJ 
layers of finely pulveriKed cinders and coarae 
was BUCceBsfiil in arresting the impurity. 

CUanx'ing. — The filter being emptied and 
connected, the upper layer, which is usually compM 
and easily sepaniled, is removed by shovels or 
a mechanical scraper to a depth of |- to ^ inch. Aft* 
an hilerval for aenition of the bed, filtered water j 
admitted very gradimlly from below, siuce if i 
entry were too rapid the escaping air would fori 
channels in the sand. In the best construction, . 
lit Leeds, escape pipes are provided in the walla of t] 
filters. 

Raw water is then run on cautiously and . 
uniformly as possible, and the whole allowed to rest fot 
from twelve to twenty-four hours to allow the slime tol 
re-form, and the filtration is then gradually recom-j 
menced. At first, the number of bacteria in thai 
efiluent is much increased, therefore the filtrate should! 
not be used mitil it is proved by examination to be in-l 
a satisfactory state- 

The freezing of a filter ia exceedingly injuriousl 

(p. 180), therefore in the colder countries the filter* 

ids must be covered. At Hamburg, however, wberef 

e filters are open and of large area (nearly two acres), | 

I sand is scraped beneath the layer of ice by the- 





Miiger apparatus, a, kind of dredi^er attnched to a 
float and drawn by rabies ucross the bed. 

The minimum thicliiieKs of fine sand ib dciined by 
Uie German law to he 12 inches, but it is rarely 
allowed to fall below 15, After washing by rotary 
cleansers with filtered wattr till the bitter ia clear, 
the sand is sometimes returned at once to the beds 
to restore the depth of layer, but the practice is not 
. ~lo be recommended. The general euBtom in London, 
on reaching the minimum thiclsness, is to remove the 
remainder and replace it by an equal amount of sand 
that has been washed and stored, then to transfer 
the old sand to the upper position, thus reversing the 
layers. 

Sir E. Frankland states that the number of bacteria 
in raw river waters is practically governed by the 
volume of flowing water, that is, by the rainfall, 
and gives the following; figures for the Thames at 
Teddington "Weir during 1890, observing that the four 
preceding years show similar results: — 
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July 2 ... aua 

August 31 ... 2!D 

Septembers ... 431 
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November! ... 930 
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With regard to storage, he remarks that, while tl:e 
number of microbes in Thames water at Hampton 
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iT^ri :-i izzziL^ :. :ir TfAr? lv«.i.>S rere^., after thirteen 
iiv?' i:.:ri^r :: Tis l.oi^: while the Lea at first 
c-: L.:.ii::cii -^XoTt^. szi jdzer f ;*ar:«*n days only 4,304. 

As :■: :br ;rl^lz»kl iaoicrLil quality, he does not 
a-:. -^r-eiiirr sjrcir "^iih Kvvb that this has no connection 
with :he :hArj::cr jd'er nl:ri::c^n. From Frankland's 
own n^virts, h.wevrr, there does not appear to be any 
obviou=^ rtliAtirn. ex>rpt tha: a niter acting well, and 
yieldir.iZ aiou: the same low number of organisms in 
ti.e ei^aer.t will clearly famish a higher percentage 
of puriieation wi;h a fouler water. 

In considering these numbers it must be remem- 
bered that the bacteria in an effluent consist of some 
that have passed tlirou^h the filter, and some from 
the lower lavers and under-drains : these latter are 
believed to be harmless. 

ilechanical Filtration. — The sand filter cannot be 
relied upon in America to remain unfrozen during 
winter. Hence many systems of rapid filtration 
under cover and aided by pressure are in use in the 
United States, chieflv for the waters of muddv rivers. 
Alum or sulphate of alumina, in the proportion of one- 
half to two grains per gallon, is first added, and the 
water then passed through filters of small area, of which 
the ''Hyatt'* and '* Nationar* are the best known. 
The filtering material is usually sand or coke, and 
is cleaned at short intervals by reversing the current, 
an in the Kiddell filter. 

The Morison-Jewell Filter Company, of New York, 
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introduced in 1887 a Byetem of purification on a large 
scale, which substituted a film of gelatinous alumina 
for the elimj organic film 0! ordinary sand filters. 
The "coagulant" is a "basic sulphate of alumina," 
formed by mixing sulphate of alumina (containing 
17 per cent, of AlaOa) with caustic soda, which 
yields, when dissolved, sodium sulphate in solution 
and aluminium hydrate as a suspended gelatinous 
precipitate. This, when run on to the filter-bed, 
forms a layer which very rapidly removes the colour 
and BUBpended matter of the water, and also 98 
to 99 per cent, of the bacteria. The medium is 
quartz, crushed by machinery to a diameter of 
0'38 millimetres (•014a inch) and screened. Steam 
is also used for cleansing and sterilibing, with a solu- 
tion of soda-ash at intervals. The beds are supported 
by perforated screens of aluminium bronze. The 
filter is readily washed by reversing the current and 
removing the top surface by a mechanical rake, then 
introducing fresh quartz sand and alumina, the 
process taking about eleven mmutes. Washing is 
done once every twenty-four hours, and ottener in 
flood-times. The rate of filtration adopted at Provi- r 
dence, Rhode Island, is 100,000,0(K) gallons per acre j 
per day with a head of three and a half to six feet, ( 
The amount of aluminium sulphate used is 0'5 to 
0'75 grains per gallon of water filtered. Prof. 
Doremua, of New York, has reported favourably on 
this process. 
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The objection made to these filters is that the 
constant addition ot chemicala to the water may 
exercise an injurious influence on the public health. 
At the Providence waterworks, Mr. Weston found 
by the logwood test finely divided alumina in the 
filtered water. Prof. Drown records a decrease of 
oxide of iron by 0'0'23 grain per gallon, an increase 
of alumina by 0'0292, and of sulphuric acid {SOg) by 
0*205 in the filtered water, when about half a grain 
of aluminium sulphate was stated to have been added. 
It must be mentioned that officers of health in some 
forty or fifty towns using alum-treated water attribute 
no ill effects to its use, and the water has had no 
injurious action on boilers. The rate of filtration 
through sand of the London Water Companies is 640 
RaUona per square yard per twenty- four hours, 
equal to 2,600.000 gallons per acre. The Jewell 
filter passes in the same time about 100,000,000 
imperial gallons.* 

The Fischer system consists of a battery of large flat 
plates or "plaques" composed ot sharp sand and 
powdered glass fused together to a porous mass, 
bolted together on each face of an oblong metal frame 
so as to leave an internal space with an exit tube 
below. They are washed by reversing the current. 
The process is a modification of the Pasteur-Chamber- 
land without sterilisation (p. 213). The Worms 
Dr. SwurU and IIt. Weston [oiiud at thia rate an average re- 
moval of 9B'C per cent, of the bacteria (J. Amor. Mod. Asa., Jan., 
Prof. Appleton found leas alumina after than belore filtration. 
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report states that the percentage of bacteria left ia 
somewhat greater than that left by the sand filter. 

In many places there ia still no attempt at chemical 
or bacteriological purification ; floating and visible 
suspended matter is simply removed by copper gauze 
strainers. 

Filtering gaUerles consist of underground water- 
ways, which are run at a low level parallel to the 




Fio. 32.— Filtering gallery at Lyons. 



banks of a river to receive the naturally filtered 
river water ; but the greater portion of the water 

which collects in such galleries is subsoil water de- 
rived from neighbouring higher land, as the bottom 
of a river is usually almost impervious to water, 
from the fine deposit of silt and clay. At Toulouse 
there are long filtering galleries excavated in the 
alluvium, which yield 2,800 cubic metres of clear 
water at a uniform temperature daily. A similar 
o 2 
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gallery at Lyons has deteriorated botli in quality 
and quantity. On the whole, the experience gained 
from the existing galleries is not favourable, hut 
when the water is derived wholly from the subsoil 
at sufficient depth, and the surface is kept free from 
habitation or contamination, as at Frankfort, the 
water collected in this way is of great organic purity 
and nearly germless. If the temperature of the water 
varies on pumping, it shows that admixture with 
river water is taking place. 

Filtering cribs are large boxes of iron or wood sunk 
in an excavation in the bed of the river or lake, 
then surrounded and covered with gravel and sand. 
The water is pumped through pipes to t!ie shore. 
Bting submerged, they are beyond daily inspection, 
while control and repair may be almost impossible. 

It is believed that the auxiliary wella sunk by some 
of the London Companies in the gravel at Moulsey 
and Ditton are fed almost directly from the Thames. 



Note as to Infiltration and Ti 
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Wells, or resei-voira at low levels, may undergo 
contamination not only from the surface, but also 
from beds of rivers or streams which have received 
sewage. Such pollution often causes the temperature 
of the water to alter (p. 82). 

Dr, Jiiger employs the following formula for 
'ating the volume of the admistiu'e :- 
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11 f = the normal temperature of the ground writer 
at a given depth and beyond the iiifiuence of the 
river; 

(' = temperature of the river near the bottom ; 

2' and q^ the proportions of the two wiitora in tho 
mixture Q, tiiken from the well, deep rosorvoir, or 
boring; and having a temperature T ; then — 

T - '' T - (^ 

01-— 9I-Q j,-^, and q^ = Q ~~,- 

He finds that the resultB are contu'med by cheuiicat 
analyses, and points out that if the infiltration passes 
at a depth of two or three motres, the organic matter 
in the river water would not have undergone nitri- 
fication. Meinert, while the Elbe was in flood, found 
in a Drflsdoii storage reservoir Bacillus violacetu, an 
organism abundant in the rivor but absent from the 
ground water. 
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TriE original idea of a filter was simply a atroiner, 
which, hj keeping back the solid particles, could 
render a water clear and bright. For this purpose, 
sponge, sand, and linen were found to be sufficient, 
and water that had passed through them was supposed 
to be wholesome. Sponge was convenient, aa it could 
be so easily washed and squeezed oat. Sand can be 
taken out and washed, but a layer of grt:vel, followed 
by coarse sand, must be introduced below the fine 
sand whioh doea the main work of clarifying, and 
finally a layer of gravel again, to prevent the fine 
sand from washing up. Such filters were furnished 
with a perforated plate, or sometimes with a small 
sponge, to protect the bed and to retain the grosser 
impurities. All this was so complicated that the 
arrangement was sealed up when purchased, and was 
used till it became stopped by the dirt from the 
water. On such an occasion, which perhaps happened 
every two years, the filter required to be cleaned and 
refitted, and this process was frequently delayed by 
the user owing to its coat- 
Charcoal, with or without the use of the sponge^,' 
B then introduced as & medinm. Vegetable charcoal 
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"■^as known to remove odours, ftnimal charcoal to 
take away colour; the latter became the favourite, 
and a great variety o£ forms ol charcoal filters were 
placed on the market and received " testimonials." 
The action of the charcoal waa not merely mechanical : 
it also for a time softened the water by absorbing 
some of the lime ; metals like lead and iron were 
removed, and it was supposed to be even capable 
of purifying from " sewage." By compressing the 
charcoal with some binding material, like resin, oils, ' 
silicates, &c., and then charring again in close 
vessels, the once popular blocks were formed ; they 
were supposed to be capable of being cleaned by , 
scrnbbing and blowing water through in the reverse 
way. Only a few years ago the tests which were 
considered valid as applied to these filters consisted 
in adding water containing finely divided carbon or 
ultramarine, and noticing whether a clear filtrate 
waa produced. In the same way, claret was poured 
in and came out colourless, solutions of lead and 
iron were added, testa applied after filtration, and 
none of the metal found. It need hardly be said 
that the filter must be fairly new for sucJi teats to 
succeed, and that they have no sanitary value. 

In 1876, the Royal Commiasion on Elvers Pollution 
pointed out that when the filtered water was allowed 
to stand, minute organisms, animal and vegetable, 
appeared, and made it unfit to drink and actually 
offensive; whilst, if the charcoal had not been burnt 
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Rt n sufficiently high temperature — which is rarely 
done, as it involves a loss of carbon — some nitrogenous 
matter remained and became a breeding ground for 
orgaaisma, which were alao encouraged by the 70 per 
cent, of calcium phosphate and by the other mineral 
salts present. On the other hand, some of the pro- 
ducts of the putrefaction ot albumen — ptomaines, 
sulphides, enzj-mes — are oxidized by newly prepared 
charcoal. Spongy iron increases the ammonia. 
Fresh organic matter, like white of egg, was almost 
unacted upon. 

It was common for these filters to be excessively 
foul internally, being green with contervte and 
containing small worms and swarms of bacteria. 

Dr. Lirown's report of 1895 to the Massachusetts 
State Board of Health, laid it down that one of the 
chief objects of water filtration was, in most cases, the 
removal of the disease germs. However bright and 
sparkling a water may be, it has been repeatedly 
proved during cholera outbreaks that it may frequently 
convey germs. Such water is apt to be preferred 
by unthinking people when a water slightly turbid 
might be perfectly harmless. In 1888 Prudden and 
Ernst stated they had found typhoid bacilli in I 
domestic filters of houses 
Island. 



Providence, Rhode 9 



view ot this essential point, Dr. Sims Woodhead 

and lir Wood subjected existing types of filters to a 
onolog.cul test by passing through them yeast cells 
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and various pathogenic organ ismB (Staphyh 
pyogenes aureus, typhoid and cholera bacilli ; 
p. 304). They examined the iiltera of twenty-one 
manufacturers, including all the best known types, 
reporling that the only forms that did not admit 
the passage of disease germs were the candle filters 
knowD as the Pasteur-Chamberland, Berkefeld, and 
Aeri-Filtre-Maliie. They condemn all others as in- 
creasing the risk of acquiring infectious diseases. Even 
in regard to the two latter forms, their approval of 
the Berkefeld was based upon maufficient eKpenment, 
niid of the Mallie on a non-commercial form (Britigh 
Medical Journal, Nov. and Dec, 1894). 

A report by Dr. Plagge, which has been issued by the 
Prussian War Office, mentions that in 1885 he tested 
all the then known filters, and found that the carbon, 
natural stone, gravel, sand, cloth, sponge, paper, 
and asbestos forms extant in Germany were entirely 
useless. In the few cases where he examined fitters 
from England, made with spongy iron or some form 
ol carbon, he obtained the same result. In a renewed 
investigation of modern forms of filters, conducted 
within the last few years, ho came to a similar 
conclusion. With reference to a number of carbon 
filters, he found that they were all incapable of pre- 
venting the passage of disease germs, and he severely 
characterised the false claims put forward by the 
makers. The different forms of filter composed of 
a carbon preparation and ashestos, were also found to 
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fail, as well aa the well-known Austrian filter of Breyer, 
composed of " micro-membranea " ot on exceedingly 
close felt of very finely-divided asbestos. With regard 
to tbi3 filter, Dr. Guinochet also says {Eaux Potables, 
J. B. Bailliere, Paris, 1894) : "It is not a perfect filter, 
aB it allows microbes to pa8B ; it proven, in fact, tbat 
the fineness of the filaments used in the construction 
of a filter does not play such an important part as has 
been said, since here is a membrane whose particles 
are not more than -nfco miUimetre (0'0004 inch) 
in diameter, while porcelain would be formed of grains 
much more bulky, besides leaving between them 
spaces larger than those of asbestos. It is not bo 
necessary to obtain spaces smaller than the microbes, 
which is practically impossible, as to secure that the 
microbes arriving in the interior may be retained 
by molecular attraction." Dr. Guinochet concludes 
that the Breyer form does not filter so well as the 
Cbamberland, that it is delicate, difficult to clean, and 
liable to leakage. 

Dr. Plagge also condemned all filters made of paper, 
cellulose, and asbestos, whilst the Pasteur-Chamber- 
land was described as satisfying all sanitary require- 
ments. He then examined some of its imitations, 
which, while yielding water much more rapidly, are 
stated by the makers to be equally efficient. The 
Berkefeld filters were successively mider observation 
during three years, thirty-seven specimena being 
used ; of these, twenty-nine passed microbes almost 
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immediately, within twenty-four houra, or bdore Lho 
end of the trials, which lasted three to oi^^ht months. 
Dr. Flagge 19 of opinion thnt it is indispcnanblc for tho 
Eerkefeld filter to be boiled either onco or twice in . 
twenty-four houra, according to the extent of ita use. 
He further draws attention to the fragility ot the 
Berkeield filter as compared with the PaBteur>Cham- 
berland form. 

Dr. Johnston, in a bacteriolojiicfti examination of 
representative filters in 1894, obtained similar reHulta, 
and states that "the Pasteiir-Ghamberlnnd filter is 
the beat and the only one on wliich reliance can bo 
placed for permanently Btorilising water," Tho results 
were obtained with the cylinders marhcd "B," which 
are intended for alow filtration, worked from a main 
tap at a pressure of from twelve to torty-uii pounds 
to the square inch. 

Gninochet, using the rapid Pa8f«nr filters marked 
" F," working continuously under pressure for several 
weeks, found in the filtrate only a few bacterial 
colonies and moulds, which he considers were duo 
to accidental contamination while making the cul- 
tures. 

Unfortanately, therefore, the tnaiortt; of honsebold 
fitters are worse tlian useless, since they do not remove 
the eoDtaminnting bacteria, and actually, by fonning 
ft nidos for their growth, contribote to their fonsatioD 
•Dd moltiplicatioo in the water aongbt to be purified 
^ tbeir means. The extent to which the danger of 
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EngliBh-made candle filters have made their ajipear- 
anee. At present, however, there is no sufficient 
evidence to warrant the belief that any ol them give the 
protection against water-boi-ne diaease which is afforded 
bj Faatear filtration ; and the asEumption that they 
tunctioD aimilarlj isa very dangerous one for the general 
public, who are unable to diBtinguish between the forms. 




. W. Balteiy ot 



filters [Engli^ lorm). 



In use the unfiltered water passes through the filter 
tube or tubes from outside inwards. This mav take 
place under the pressure of a water main (Figs. 83, 
84, 89) or of a pump, under suction of a siphon tube 
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which may deliver into a aeparate filtered water 




« (without preasure). p^^^ S6a. — Batte^ of . 

filters for sohools. 





Fig, 35b. — Cistera form o! filters with siphon tube. 
chamber, as shown in Firb. 35 and 35a, or from the 
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cistern by a long eiphon tube to a lower room, as 
Bhown in Fig. 35b. Under some circamBtancea the 
head of water in the filter 
chamber above the candle 
1 be used, but the yield 
I is then slow. In Fig. 86, 
ihe candles are fitted into 
a dosed reservoir, from 
which the filtered water ia 
removed by a hand-pump, 
which creates a partial 
vacuum in the filtered 
walcr chamber and thus 
■>;i;:(iienta the rate of fil- 
'lalion. The filter may 
I'.msist of one or any 
iLimil)er of tubes delivering 
into a common reservoir 
made either in one with 
the filter or separate from 
it. In the latter case, cai'e 
should lie taken that the 
receptacle is dust-proof, 
ith The water can obviously 
^'' be led by pipes and dis- 
tributed over the house 
instead of unfiltered water. The average yield per 
tube is about half a gallon per day without pressure 
and eight gallons per day with pressure. 




Eia. 3S.— Cistern filter ■ 
hand-pump (Pftstc 
Chomberland). 
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The Nordmeyer-Berltefeld filter (Fir. 37) is made 
of kieselguhr, or infusorial earth, in the same form 

as the Pasteur, but ot much greater thicUneas. It 
is much more poroas than the porcelain of the 
Pasteiir-Chnmherland, and allows the water to pass 
with about five times the 
rapidity, which would , 
be a great advantage I 
if it were not for the i 
fact, aa shown by the 
experiments mentioned 
above, that it is also 
more permeable to mi- 
crobes, and allows them 
to grow through in a 
shorter though variable 
time, and therefore does 
not present an equal 
safety. It was never- 
theless thought that it 
was sufficiently resis- 
tant to give protection 

against water-borne disease, and the entire British 
forces in the South African campaign of 1899 were 
equipped with it. They notwithstanding suffered enor- 
mously and constantly from typhoid fever, a result 
which, when contrasted with practical results obtained 
from Pasteur filtration, threw doubt upon the filter's 
capacity to arrest the microbe. This has since been 
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tested directly at the Hygiene Laboratory of the Eoyal 
Army Medical School at Netley, by Prot. Horrocka. 
and it has been found that the typhoid bacilhis, even 
in water wilhoat any nutrient addition -whatever, 
penetrates the Berkefeld filter ' 
in a few days. The same 
bacillus, whether in water or 
in nutrient broth, failed alto- 
gether to penetrate Fas tour 
filters during the aeverol weeks 
over which the experiments 
lasted. 

Aa to the rapidity of filtra- 
tion or output of the Berkefeld 
filter. Dr. P. Frankland, who 
reported very favourably on 
this form, but tried it after too 
short a time (twenty minutes), 
using Loch Katrine water, found 
, that the rate, which was at first 
about seven gallons an hour, 
had in one hour diminished to 
about half that amount, and in 
twenty-tour hours' continuous 
running had come almost to a standstill. The matter 
removed was a dark brown layer of slime of a vege- 
table or peaty nature, containing also all the bacteria. 
He published no trial of the filtrate after the first 
twenty minutes mentioned above. The Maneheater 
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flown supply also gives a coating of tbiek black mud 

one-eighth of an inch in thickness, swarming with 

bacteria and other organisms. The Pasteur filter 

I with the same water required cleaning once a week, 

I'vhich Beems the ordinary time for the Pasleur form. 

If it were possible to subject Berkefeld Alters to 

laily sterilisation, they would then be as safe to use > 

J the Pasteur-Chamber land form, and the question 

P'VOu Id resolve itself into a choice between a battery of 

K-Pasteur-Chamberland filters, involving only a weekly 

■cleaning and somewhat larger initial cost, and that of 

■ft couple of Berkefeld filters purchasable at a more 

moderate cost, but necessitating a daily stenlisation 

a recommended by Dr. Plagge. It would even then 

have to be remembered that the kieselguhr filters 

rhave to be handled with considerable care, as they 

fhre far more fragile than thosQ made of porcelain, 

and the slightest flaw would render tliom quite 

useless ; and in this way the renewal of tubes would 

become a large item of maintenance. There is, 

^■further, no certainty that the Berkefeld tubes are 

^■always initially sound, owing to the impossibility of 

^Bfeliable test other than bacteriological examination; 

^Buid the process of cleaning inevitably destroys their 

^riioundness and renders the filtration illusory sooner 

or later. The initial efficiency of the filter, whatever 

i'. may have been, will therefore be liable to be reduced 

through these factors; and the impossibility in actual 

ttice of getting a filter tube sterilised every day or 
p 2 
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BO with certainty and regularity makes it impossible 
for practical purposes to substitute Berkefeld for 
Pasteur filtration na a preventative of water-borne 
disease. The fact is unfortunate; but the military 
eiperience in South Africa shows that it is still more 
unfortunate tliat the fact should have been ignored or 
undiscovered for so long. 

The "Acri-Filtre MalU^" is constructed in a similar 
way to the Pasteur form, but is made of a porcelain 
paste of exceedingly finely-divided asbestos (Fig. 88)- 
As described by Drs. Woodhead and Wood, it was bo 
slow in filtration as to prevent it from ever coming 
into general use. Since the date of that examination 
it is being made of a different composition containing 
only a small amount of asbestos, and in this form 
there are no published data for estimating its efficiency 
in arresting microbes. 

In case of a suspicion of failure from any cause, a 
sample of the filtered water carefully collected in a 
stoppered bottle, as described on p. 263, should be 
submitted to an espert tor bacteriological examination. 
^Vbotever form of filter be adopted, the filtered water 
must of course be carefully guarded from subsequent 
pollution. 

In India the use of the Pasteur-Chamberland 

batteries for large supplies has greatly extended. 

hose constructed for the Sarjiling municipal 

iterworks {Fig. 39) are of the pressure type, 
•sist of thirty-eight colls of tough cast 
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iron coated with an acid-resisting composition 
and arranged in four rows. Eacli cell contains 
250 Pasteur filter tubes fixed iiitu solid elastic 
bushes, and is connected by wrought- iron pipes 
to caBt-iron mains, which deliver into cast-iron 
collecting mains, all protected by the acid-resisting 
composition. The cells are fitted with guD-metal 
valves, enabling any one cell or group of cells to be 
cut out for cleaning or other reason. The inlet and 
outlet pipes are controlled by sluice valves in the 
ordinary way. Cleaning of the tubes and cells is 
effected by means of a circulating pump, which 
forces through the tubes of any cell or group of 
cells a solvent — usually a diluted acid — by which the 
deposit in the pores of the filter tubes is removed ; 
and it is claimed that at the same time the whole of 
the filtering system is sterilised. " This process only 
entails the passage of an inappreciable quantity of 
acid per gallon of filtered water during the day ; 
and as the same acid can be used several times, it is 
accordingly both economical and free from objection." 
All the parts of the installation are interchangeable, 
and its nominal output is 150,000 gallons per day- 
Similar cells are largely used in this and smaller 
sizes by some of the larger steamship companies for 
sterilising the drinking water. This is of considerable 
importance, as many ports of call are known to have 

I interior water supplies. 

■ For military or travelling purposes exhaust filters 
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are found by experienoe mora Eultuble thaii the 
pressure forma, as they involve no joints which have 
to be broken for cleauiiig. During the late Aahanti 
expedition, a number of portable pressure filters were 
used in the field and caused trouble in this way. 
These were specially made, and were constructed of 
aluminium alloy, with gun-metal fittings, so as to 
reduce the weight to the utmost extent consistent with 
serviceable strength. The station where they were 
used was the only one which was free from dysentery, 
so that the efficieucy of the filtration was thas again 
verified. 

Eshaust filters are made with single tubes for 
personal use, or with batteries for the use of bodies of 
men. In view of the temptations offered by casual 
streams to men on the march, small pocket filters in 
a ease, which could be used with or without a small 
hand force-pump, can be supplied to ihe men. Mouth 
suction filters are always objectionable, as it is hardly 
posKible to prevent the saliva passing down the tube. 
The siphon form is useful if a suitable vessel is at 
hand. The portable form with hand pump is much 
to be preferred. 

In conclusion, although ii town supply may be of 
good chemical quality, comparatively free from bac- 
teria, and well filtered, yet in its passage from the 
works to the consumer it may become contaminated 
with the bacillus of typhoid or cholera, or some other 
pathogenic organisms, brought in by leakage from 
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the drains in the neighbourhood of the supply pipea 
or by infection of cisternE. There may also bo a 
breakJown in the filter-beds, as occurred in 1894 at 
Altona, when a fresh outbreak of cholera occurred 




tFlQ. 39,— A coll uf a lurgo Ptessura Filtur. 
through one of the sand fillera becoming frozen and 
refusing to act, though in the previous year the filter 
had successfully resisted the epidemic. In the same 
way Dr. Klein has recently shown the liabihty of the 
London supply to pollution by sewage organiBins, 
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and Dr. Shirley Murphy attributes sporadic cases of 
enteric fever in London to the same cause. It is on 
these grounds chiefly tliat at the present time the 
Bteriliaation of water at the supply works is not advo- 
cated, and only the partial bacterial filtration aimed 
at. The possibility of subsequent pollution from 
some Buch causes renders it highly important that 
some adequate system of domc^stic filtration should be 
adopted by every houeebolder. In many conditions, 
as on board ship and in country places, filtration on a 
smaller scale is the only purifiwition practicable. 

That such a system is attainable by eiinple means 
we have attempted to show. It would be a hygienic 
ideal, and probably will become a necessity, that the 
required apparatus be furnished as an integral portion 
of the ordiuary water fittings, and that the duty 
of keeping it cleansed and in order be enforced by 
ofiicial inspection. The expense would bear no com- 
parison with the outlay that is periodically occasioned 
in combating with diseases which are conveyed through 
the medium of impure water. 

The reports of the French Minister of War in 1839 
and 1892, demonstrated that a conspicuous diminution 
in the number of deaths from typhoid in the French 
army had followed the substitution of spring or filtered 
water for the water of rivers or wells. In the barracks 
' Melun, in 1889, the deaths from this disease bud 
; after the introduction of the Pasteur- 
d filter, the mortality of subsequent years 
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fell to fifteen, six, two, seven, and seven. In one 
ease tho attacks were confined to Boldiere lodged in 
the better rooms who hiid made use of water from 
troughs fed from the Seine, on account of the filters 
being frozen. The other battalione, who had drunk 
nothing but the regimental tea, had not a single 
case. Similar and quite as conclusive examples occur 
throughout the report in reference to typhoid and 
cholera, and still more striking results to the same 
effect are given in the report for 1894. 

The slowness sometimes urged against this class of 
filter arises from the attempt to get a higher duty 
than the nature of the water allows, therefore the 
size and number of tubes must be proportionally 
regulated. Where slimy matter is present and power 
is available, a mechanical system of brushing might 
be devised ; better still would be a preliminary strain- 
ing through coarse sand, with a Pasteur filter as a 
final steriliser. 





CHAPTER X. 

SOFTENING OF WATER. 

Althodoh the carbonates ol lime and magnesia are 
almost insoluble in water, in presence of carbonic 
acid they dissolve to an appreciable extent, forming 
bicarbonates, which though unstable, have been 
proved to be definite compounds. As rainwater and 
other natural waters contain free carbonic acid, 
partially derived from the atmoKpbere, which contains 
ordinarily 4 purts in 10,000, and partly from the 
oxidation of organic matter in the water, they exert 
a solvent action ujion any carbonates present in the 
soil or rocks with which they come in contact, and 
thus most natural waters contain these bicarbonates 
in 8ohition. Such waters are snid to be liard, and, 
chiefly, the hardness is due to lime salts. Forma- 
tions containing magnesium carbonate, such as tho 
new Red Sandstone and the Permian, usually yield 
waters in which the hardness is due to magnesium 
bicarbonate. 

The word hardness, implying the hard or harsh 
feeling to the bands in washing, is thus used in 
a purely technical and commercial sense. In very 
hard waters the curds which are formed before a 
permanent lather is produced by the soap are often 
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GonBiderable, whereas in ditslilled, or a very soft water, 
a lather will be obtained almost immediatelyj and 
little or no precipitate will be formed in the water. 
Natnral fats are converted into soaps by heating with 
soda or potash. This process effects the decompositioQ 
of the fat into the potash or soda Boap, or salt of the 
fatty acids which exist in the fat in combination with 
glycerine. The hard soaps contain eoda, wliilst soft 
Boap conlainB potash ; when disaolvcd in water they 
both yield a solution of the well-known soapy feel, 
frothing and forming a lather on shaking. The other 
metallic salts of these fatty acids are insoluble in 
water, Bo that when a soap solution coiuob into 
contact with a hard water it is decomposed, white 
curdy precipitates of lime or magnesia soaps are 
produced, and at the same time the solution ceases to 
have a soapy feel, and loses the property of lathering. 
When a water containing earthy bicarbonates in 
solution is boiled, an escape of gas will he noticed, and 
gradi:ally a white precipitate will be thrown down, 
with a corresponding loss of hardness. The white 
precipitate produced coDsists of the carbonates of 
lime and magnesia formed by the decomposition of 
the bicarbonates, and as this change takes place on 
boiling, when the hardness ot a water is due solely to 
presence ot these salts, it is said to be temporary. On 
the olher hand, the sulphates, chlorides, and nitrates of 
lime and miignesia are soluble in water, even in the 
absence of carbonic scid, and are not precipitated 




on boiling. They, therelore, constitute wiiat is known 
B-a permanent hardDesB, or hardness after boiling. 

EoE purposeB of comparison, both forms of hardnesB 
are recorded in terms of the amount of dissolved 
carbonate of lime that would decompose and precipi- 
tate the same amount of soap. A measured volume 
of the water, usually fifty cubic centimetres, is taken, 
and " Clark's soap-teet " (a definite amount of soap 
dissolved in proof spirit) is added from a burette until 
a permanent lather is produced. Each cubic centi- 
metre of soap solution used represents one grain per 
gallon of total hardness estimated as carbonate of 
lime. Another measured quantity of the water is 
then boiled for about half-an-hour, until the 
bicarbonates are decomposed, filtered, if necessary, 
and the soap test again added from the burette until a 
l^ermanent lather remains. This second reading gives 
the permanent hardness in terms of carbonate of Ume, 
and the difference between the two values is the 
temporary hardness. 

Hardness is usually recorded in degrees, i.e., grains 
of carbonate of lime per gallon, equivalent to the 
soap-destroying power of the water under examination. 
From this number the parts per 100,000 can be 
obtained by multiplying by ten and dividing by seven. 
Since a perfectly pure water requires a small amount 
of soap before it produces a lather, aome analysts are 
accustomed to deduct one degree from the reading to 
correct for this consumption. It is, however, best not 
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to do this, aa the figure required is the actual Boap-oou- 
Buming po^'er of the water. Hardness determinations 
by different analysts often show plight discrepancies, 
owing to the ahove correction and to variations in the 
time of boiling and other causes. 

Statistics from a number of towns show tliat the 
hardness of the water supply does not produce any 
perceptible effect upon the mortahty, notwithstanding 
tho fact that it is commonly held that hard watora 
tend to induce gout and calculoua disorders. It is, 
however, certain that a change of water prodiicos 
frequently as much effect as a change of air, and that 
persons who are habituated to a soft drinking water 
experience slight derangemenls of the digestivu system 
on partaking of hard water for a few days. 

For industrial and general domer.lic nses, a hard 
wat«r has very serious difadvantages. The waste of 
soap alone is generally staled to amount to twelve 
pounds per 10,000 gallons of water for every degree of 
hardness. From the anther's eiperiments, and from 
calculation, the quantity is probably rather less than 
the above, but may be safely estimated aa from nine to 
t«n pounds per 10,000 gallons for every degree. Not 
only does a hard wat«r cause this serious wasU;, hut the 
curd produced occasions a greasy di-posit in sinks, 
pipes, and utensils, and forms one of the difiicnlties in 
dealing with sewage. When soda is added in washing 
H to overcome the bardnesB, tbe fabrics are more or lesn 
H nqnred, and inscrfoble eartl^ soapB are left in thn 
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fibre. For moat indnslrial purposes a soft water is 
indispensable, and, with the exception of London, all 
great manufacturing -:'«ntre3 have soft supplies. The 
woollen trade of Bradford would be seriously affected 
if that town had a hard water supplied to it; and 
(as already mentioned) Glasgow is estimated to save 
£36,000 annually in the matter ol soap since using 
Loch Katrine water. 

In cooking, a hard water ia objectionable, as a 
deposit of lime salts is formed upon the surfaces of 
tea-leaves, meat, vegetables, &c., which hinders their 
extraction or hardens their tissues. It has been 
asserted that " ten ounces of tea made with soft water 
is as strong aa eighteen ounces brewed with hard 
water ; " and M. Soyer, in his evidence before a Royal 
Commission, proved that in the making of soup more 
meat is required with a hard water, and the operation 1 
takes a longer time. Vegetables have their colour 
darkened by the action of the carbonate of lime. For 
these reasons, it is a common practice to add a little 
bicarbonate of soda to the water in culinary opera- 
tions. In baking, the dough rises better, and bread 
is lighter in colour, when aoft water is used. 

Brewers and distillers find a soft water very 
desirable, as, when the water has a high temporary 
hardness, the refrigerators become coated with a non- 
conducting scale of carbonate of lime mixed with 
organio matter, which is often very thick and difficult 
to remove. The presence of a large quantity of 
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fliirbonate ot lime malieB the water alkaline, and so 
iiinders the fermentation and favours the growth of 
nnhealthj organisms. Permanent hardness, on the 
other hand, seems a condition for the brewing of light- 
ooloured ales, and Burton has gained its reputation 
from the sulphate of lime which is present in the 
water ot the Trent and wells in the neighbourhood. So 
much is this the case that, in other localities, sulphate 
.of lime, aa gj'panm, is added by the brewer when the 
Water supply ia deficient in this ingredient. 

The fouling or furring of steam boilers is due to 
the deposit of earthy salts which is formed on boiling 
and evaporation. The reactions which take place in 
water heated to a high temperature under pressure 
are different to those which obtain in water boiling 
in an open vessel. The carbonic acid is less easily 
disengaged, and consequently the carbonate of lime 
is deposited more slowly. The incrustation given 
by supplies whose hardness is mainly temporary, 
auch as Chalk waters, the Thaiiips, and most other 
rivers, takes the form of warty, detached plates, or 
cauliflower- like masses, which are fairly friable, and 
do not adhere very strongly to the iron. Such boiler 
deposits, therefore, do not present any serious diffi- 
culties beyond the trouble and expense of cleaning 
Uie boiler from time to time. At the same time, 
careless removal of the scale by workmen may cause 
damage to the boiler-plates, and in most cases it is 
more economical to soften the water before use. 
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" Selenitic " waters, or those heavily charged with 
sulphate of lime, and magneaian ■waters containing 
magnesium chloride and salphate, deposit a crust 
which is very hard and crystalline. ^Tien chloride 
of magnegium is present, the heat causes this ealt 
to be decomposed, and hydrochloric acid ia produced, 
which ia given off with the steam in small quantitiea, 
and causes corrosive effecta which may be of a serious 
character. Magnesium hydrate is at the same time 
deposited in the crust, according to the equation : — 

MgCI, + 2HiO = MBiOH)i+aHCi. 
This decomposition is retarded in the presence of 
alkaline chlorides, lilie common salt, so that sea water, 
although it contains a large quantity of magnesium 
chloride, may be evaiwrated nearly to dryness without 
any evolution of hydrochloric acid, and even at the 
high temperature of boilers the decomposition is very 
limited. The addition of salt to such waters has 
therefore been suggested as a remedy for this pitting 
action, but in most cases it would be better to use 
a softening process before the water enters the boiler. 
The magnesium hydrate, which is invariably found 
in crusts from magnesian waters, owes its origin 
mainly to the decomposition of the magnesian salt 
by the carbonate of lime previously deposited, the 
carbonic acid escaping, as shown by the equations : — 

CaCO|-l-MgCl« = GaC1i+MgC0„ 
CaCOi+MgSO, = CftEO(+MgC(V 
MgCO,+H,0 = Mg(0H),+00i. 
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Vivian Lewes points out that this e^cplains the 
almost entire absence of calcium carbonate from 
marine crusts, and also that ferric chloride is not 
found in the water, which would be the case if cor- 
rosion or pitting were due to hydrochloric acid. At 
the same time, it is quite possible for both actions 
to occur, and some corrosion may take place before 
the calcium carbonate has time to take up the hydro- 
chloric acid, the iron being afterwards precipitated. 
It will be noticed, that all the incrustations from 
marine boilers contain a considerable quantity of 
iron (Table B in Appendix). 

Calcium chloride and nitrate, and also magnesium 
nitrate, although present in most hard waters, are 
80 soluble in water that they are never precipitated, 
and are consequently not found in boiler crusts. 
Some soluble salts, like sodium chloride, form 
shghtly soluble double salts with the magnesium 
chloride and sulphate, and are therefore occasionally 
met with in deposits. Magnesium sulphate is very 
soluble in water, but, in presence of calcium chloride 
and carbonate, reacts with them, and thus eventually 
is found as magnesium hydrate in the crust. Calcium 
sulphate is, as already mentioned, the moat objection- 
able constituent of waters tor use in steam boilers, 
as it yields a hard, crystalline scale, which is exceed- 
ingly difficult to remove. When first deposited it 
^drated in the form of gyi^um, CaSO^aHaO, but 
' changes into anhydrite, CaSOt, which is still 
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denser and more insoluble. At ii temperature oj 
150° C. (300^ F.), calcium sulpbate is uearly insoluble' 
ID eilber salt or fresh water, und is therefore almost 
completely deposited under such conditions. If the 
water be heated under pressure above this temperature 
before entering the boiler the salts are deposited out- 
side the boiler, but the difficulty is only transferred 
to the tubes of the heater, and Tilden has shown that 
the removal is imperfect. 

Waters impregnated with sewage often have a con- 
siderable quantity of oily or fatty enbstances, with 
soda salts and ainmonia, present in them. The last- 
named acts upon copper, and any dissolved copper 
will be subsequently deposited upon the iron of the 
boiler and cause local corrosion, or " pitting," by 
galvanic action. The scale under such circumstances 
often shows green spots, and such waters should bo 
treated chemically before use. Moss or peaty waters 
are often valuable for boilers on account of their 
softness, and because the mud is easily hhicn. But 
if they contain much of the organic humus acida, 
they must be neutralised with lime before using, op 
the action upon the iron will be considerable. 

Lefevre proved that the rajjid pustular corrosioni 
of steam-boilers used with some river waters wf 
due to solid organic particles, which, by oxidation, 
developed pectic acid. He prevented this action with 
success by adding either alum or, better, ferric chloridt 
in quantities determined by experiment, followed b; 
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lime, to Oie feed- water. The purified water was easily 
decanted, and no longer acted on iron, and when ferric 
chloride was used deposited hardly any scale. In 
tidal rivera the proportion of admised sea water is 
greatest at high tide, and as at low tide the water ia 
generally too dirty for use in lioilerB, such a supply 
must be chosen with regard to these conditions. As 
B rule, however, the water of the lower part of a tidal 
river is quite unfit tor use. Pit waters, especially 
fi-om shale and coal, frequently contain acid sulphates 
of iron and alumina, which are most injiuious to 
boiler-plates. Those that are not acid can be used with 
'Some advantage, as tlie coal-dust gives a scale which 
is much looser, and where 8uch water is used on 
sn old boiler it sometimes detaches the existing scale. 
Surface waters, on account of their hardness, are 
generally unfit for use in boilers. Some years ago, 
two 30h.p. boilers, supplied from a well in Lambeth, 
gave such a deposit that nearly a ton of incrustation 
had to be removed monthly by cleaning and chipping. 
An idea of the comiMsition of boiler -crusts is given 
ill tlio table {Table B, Appendix). Collet estimates 
the amount as follows: — " Condensing engines, when 
large and of very high steam economy, require about 
two gallons per hour per indicated b.p, for boilers, 
and generally twice as much for condenser water ; 
small and inferior, but yet ' high class,' three to five ; 
low class, in bad condition, six to fifteen gallons 
per hour. Three gallons is the average, equal to 
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3,000 gallons per daj o£ ten hours for lOOh.p. If 
the water has fifteen degrees oE total hartlDess, the 
deposit per worlting day will woigli six and a half 
pounds, or over a ton per annum, of which the larger 
portion will remain &s scale, equal to thirty-five cubic 
feet of soft, or seventeen of hard scale," The order 
in which the deposition usuittly takes place is : — 
(1) Carbonate of lime ; (2) Bulj'hate of lime; (3) oxide 
of ii'on ; (4) silica, alumina, and organic matter, with 
magnesium hydrate ; (5) common salt. 

These coatings are very bad conductors of heat. 
Rankine states that the resistance to heat of carbonate 
of lime is eighteen times, and that of sulphate of lime 
fifteen times, that of iron. The consequent waste 
of heat in urging the fire for Eteam-raising in a foul 
boiler is enormous. It is estimated that one-sixth 
of an inch of scale necessitates the use of 16 per 
cent, more fuel; quarter of an inch, 50 per cent.; 
and half an inch, 150 per cent, additional coal. These 
figures are probably in esceaa of the truth, but the 
loss is still very large. In addition to this, thero 
is the damage to the boiler-plates by overheating, 
and a certainty of explosion if the coating should 
crack suddenly, and the water he admitted to the 
nearly red-hot iron. Tlio scale evidently prevents 
a proper internal examination of the boiler. Chipping 
off the crust injures the boiler, and may start the rivets. 

" Blowing off " for a short tune at frequent intervals 
is always necessary, as only the deposit near the cocka 
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is blown out. The cocks themselvea are often Tpom 
out liy the friction with the scale. ^Vhen the whole 
boiler has to be blown, it should be cooled first by the 
very gi-adual injection of cold water, or any loose 
deposit will cake together as the water runs off. The 
loBs of time, heat, and water, in frequent blowing 
off is very great. In marine boilers using salt water 
the neglect to blow out is often the cause of collapsed 
furnace crowns, the density of the water gradually 
increasing until it reaches the saturation point, when 
solid sodium and magnesium chlorides separate on 
the plates, even though there may be a copious supply 
of water ; then the same non-conduction and over- 
heating occur as in the case with lime deposits. For 
this reason, condenser water (which is the spent steam 
condensed and used again, amounting practically to 
distilled water, and therefore perfectly soft) is returned 
to the boiler to dilute the salt water. Approximately, 
one ton of water per lOOh.p. iier twenty-four hours 
is required to make up the condenser water to the 
right amount. 

C. E. Stromeyer, at the Institute of Naval Aiehitecta 
(May, 1896), proposed to control the composition of 
water in boilers by chemical testing. At intervals a 
sample is withdrawn and tested by nitrate of silver, 
caustic soda, or carbonate of soda, to determine the 
salts it has acquired by concentration. The feed 
ot condenser, distilled, or sottened water is regulated 
I in proportion. In all cases where condensed exhaust 
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Bteam is used as feed-water, the boUer should never 
be blown out without first using the scum-cocks freely, 
80 as to remove as much as possible of the grease and 
scum. 

A large number of patents have been taken out 
for the prevention of boiler incrustations. Some of 
these are mechanical, introducing twigs, fibres, wires, 
chains, balls, or brushes to entangle the deposit, Uke 
the familiar marble ui the kettle. One of the most 
modern, which appears to have a wonderful power 
of aggregating the sediment to itself, is iu the form 
of a metal centre with radiating wires. Electricity 
has, of course, been invoked, the boiler being made 
the negative terminal, and suspended plates or chains 
the positive, in the hope that the hydrogen gas gi 
rated by galvanic action would protect the boiler from 
oxidation, hinder a crust from forming, or render it 
loose and friable if deposited, but the result has not 
answered the expectations. Spent tan, peat, moss, 
wheat brftu, potato-piilp, chestnuts, peas (patent 3,395, 
1883), and other solid materials acting mechanically, 
midoubt«dly render the crust looser, bat they clog 
the boiler, promote priming, and furnish so mnch 
more eolid matter to remove. Treacle (patent 4,717( 
^corino (patent 4,23fi, 1881) are worse 
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by the heat they are decomposed into glycerine and 

fatty acids, which aro known to act vigorously upon 
iron plates. The scale where tallow is used has been 
found to contain 12 to 26 per cent, of iron from 
the plates. A sediment from a condensed steam 
tank where tallow was used as a lubricator con- 
tained BO per cent, of ferric oxide, 41 of fatty 
matter, and nearly 1 per cent, of copper oside 
from the fittings. This shows that tlie fatty acids, 
rising with the steam, penetrate the cylinder and 
pumps. In a great many eases considerable injury 
has been caused to a boiler by the presence of copper 
in the feed-water. For these reasons " cylinder oils " 
are used that consist mainly of mineral or hydro- 
carbon oils, not acid, and not decomposed by super- 
heated steam. The main part of the fatty matter 
which always accumulates in boilers fed partially by 
condenser water is drawn off at intervals by the 
Bcum-cocks. 

Paraffin oil, which is extensively used in America, 
causes the deposit to be thrown down in a pulverised 
form by incrusting the particles with a very thin oily 
coating. Snch a deposit is easily .blown, while in a 
singular manner the oil sinks into the scale already 
formed, and causes it to split up and be removed with 
facility. Indeed, it has been actually mentioned as 
a di'awback that it so thoroughly cleanses the joints 
that it sometimes causes a boiler to leak. Its use is 
unattended by priming or frothing. But its action i; 
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only temporary, as it paeses off with the Bteam and 
requires constant renewal. It sbould be free from 
Bolid paraffins, or " hard scale, " or it will form con- 
cretions like tallow. It is recommended to he first 
introduced when the boiler ia empty, to make an oily 
coating over the plates ; afterwards it is added with 
the water, sometimes by an automatic arrangement. 
In buying a crude product, a careful test ahouM be made 
for acidity by shaking up with distilled water and test- 
ing the water with litmua paper, since some eulphiiric 
acid is often left behind from the purification of the raw 
petroleum ; if any acid be found, the samplo should he 
rejected, or the acid may be neutralised with Boda, 

" Soda-tar," from paraffin refining, containing 
caustic soda and carbonate of eoda, ia a well-known 
anti-incrus tator . 

Chemical incrastation-preventers have been numer- 
ously patented and advertised, and no doubt many of 
them yield a large profit to their manufacturers. The 
majority are, however, useless, and many injurious. 
Tannin, as contained in extracts of various barks, 
gives a loose and friable tannate of lime, hut it 
attacks iron dangerously, and has no effect on the 
permanent hardness of waters. If tannate of soda 
he used, its virtue is little greater than the soda 
it contains, while its expense and the ease with 
which it decomposes are fatal defects. Any acid 
preparation designed to dissolve the scale will attack 
the iron of the boiler-plates also. Ammonium chloridfl 
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s also this objection, as by dissociation with the 

3ated steam it generates ammonia gas and hydro- 

hloric acid, NHjCl = NHa + HCl, both of which 

I originate serious local mischief to metal parts, either 

iron, copper, or brass. 

CauBtic soda and sodium carbonate are the most 
inoffensive members of the class, but if in excess they 
cause foaminf,' and wet steam, especially in locomo- 
tives, and are apt to corrode the fittings, particularly 
asbestos packing. They are sold at very large profits 
to manufacturers, and are known under numerous 
fancy names. Sometimes they are coloured with Utmus 
powder or aniline dyes. The scale from soda crystals 
is often very hard and difficult to remove. Borax and 
boric acid (3,721, 1878) have nothing to recommend 
them. The triple sodium phosphate, NasPOi, is said 
to have given good results ; the product, phosphate 
of lime and magnesia, has been proposed to be sold 
as manure. " Baudet'a patent" is sodium hypo- 
sulphite, glycerine, and rainwater, Sulphite of soda 
(" Morgan's compound ") has also been recommended, 
while in Germany barium chloride has been used 
to turn the calcium sulphate into the soluble calcium 
chloride, leaving a pulverulent precipitate of barium 
sulpbate. 

A. Nieske {WochetiBchr. /. Brauerei, 1895, 215) 
employed chromates as incrustation preventers, stat- 
ing that under the conditions ot pressure in a boiler, 
calcium carbonate and sulphate are decomposed by 
a soluble chromate to form a light, non-adherent 
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sludge of calcium chromate, readily removed by 
blowing off, the plates remaining clean even after 
protracted working, and showing no corrosion. For 
this purpose the waste of chrome-dyeing has been 
used with success at Rochdale (TattoUi Proc. Inst. 
Civ. Engineers f 1900, cxl., part 2). 

Sodium Fluoride. — ^Doremus gives the following 
prescription for preventing scale: "Determine the 
lime and magnesia in the water; multiply the GaO 
by 1^ and the MgO by 2. The sum gives the amount 
of sodium fluoride required to throw down the lime 
and magnesia. One-fourth of this quantity suffices, as 
the earthy iBuorides do not adhere, and form nuclei for 
the other hardening salts to deposit. Sodium fluoride 
is now manufactured for the purpose at a reasonable 
rate by the American Fluoride Company, New York. 
Two ounces per 1,000 gallons is the average quantity 
added to the feed." 

Any chemical reagent is better added outside the 
boiler before the water enters. Even if used in the 
feed-heater it chokes up the tubes, and requires con- 
tinual removal. In any case, an analysis of a com- 
pound, and of the water for which it is proposed to 
be used, should be obtained, and chemical advice 
sought, or heavy expense and injury to the boiler 
may ensue. Many large firms expend as much as 
j£150 a year on incrustation-preventers, which amount 
would go a long way towards the cost of the far more 
preferable preliminary softening. 
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In works where large quantities of nnter are uned, 
f as the price charged for town's water is geneiiilly far 
' above the coat of pumping, the saving through einking 
.' a well, if a spring or river is not near, in large CHtahlinh- 
mentB often amounts to more than £1,000 a year. The 
water, if hard, must I)e previously Hoftened. To bIiow 
the importance of procuring analyaia of the waters, 
we may mention that considerahle chanK^" in the 
composition sometimeB occur owing to atmoMpheric 
conditions, to fre^h strata being tapped, or to new 
factories being established on a Ktroatn. Clear water 
may be obtained at great cost from a well or other 
source, and may be unfit for use on account of its 
hardness, whereas turhid water from a neighbonrinR 
stream may, by simple filtration or depoHition, fumuh 
a suitable supply at a much cheaper rate. 

Mrtln'iiM for aoflfning }VaUr. — It ban already keen 
menlioned (p. 219) that temporary hardnem can ta 
removed by boiling, bat this method in coatly, and 
caoseA a lose of water. Boiling ui naXA to CMt not 
Ie«8 than 1«. per 1,000 gallons, while lime coeU 
about A fartfaiog. FrotoMor CIatIc, aboat 1640, 
patented his wdl-koown procees of adding lime-mter, 
eo ae to eombiiie with the carbonic acid which kept 
the earthy carbonates in solatioo, wilb the reaoll that 
both poctimi of evbonale of lime were pveeipttaled. 
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Thus cniy the permanent hardness was left, plus ahout 
two grains per gallon of carbonate of lime in sohition. 
The precipitate was allowed to deposit in reservoirs or 
tanks, and the clear water drawn off, but the area re- 
quired by these tanks was considerable, their sediment 
settled slowly, the finer particles were apt to remain sus- 
pended and render the water milky, and thecarbonic acid 
of the air also re-diasolved some of the earth}' carbonates. 

The Porter-Clark modification mixes the lime with. 
the water by paddles, and then passes it through 
filter pregses of cloth, saving much time and spa 
and enstiring a clear product. The quicklime 
preferably slaked first ; a good quality should be 
employed (Buxton hme is reputed the purest), as 
far as possible free from stones and clinkers. Good 
lime ought to contain at least 00 per cent, of free CaO. 
The best generally is "stone lime" from limestone. 
Grey and shell lime from chalk often contains a large 
quantity of clay and stones. It should be almost 
entirely soluble in hjdrochlorie acid without much 
effervescence (which would show carbonate from under- 
burning or exposure to the air), and not more than 
4 or 5 per cent, should be insoluble in water. It 
should also give no smell of sulphur compounds, and 
should be kept away from air. Lime-water can be 
tested by blowing through it, when it should give a 
heavy cloud, or by nitrate of silver. Its strength is 
determined from time (o time by sta dard acid. 

In the softening process the undissolved lime is 
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allowed to settle: tlio clear lime-water, contaiumg 
about sixty to seventy grains of CaO per gallon, 
being agitated with the water. After the depositioQ 
of the main part of the precipitate, the still turbid 
liquid passes on to the filters. The process is made 
continuous by running the Hme solution into the 
water as it passes through a mixing chamber. To 
ascertain the proper proportions, the lime-cock ia at 
first turned ou until the lime is in e-tcess, as shown 
by withdrawing a sample of the softened water, and 
testing it with nitrate of silver, when a grey-brown 
precipitate of silver hydroxide is obtained. The cock 
is now turned off mitil a snmple shows no brown, but 
only & white precipitate; the proportions are now 
correct. Another test is a drop of pbenolphthalein 
solution : excess of lime produces a red colour. An 
automatic arrangement, worked by steam or water, 
maintains the supply of lime - water at the right 
proportion to the flow of the water. Further tests 
must be made from time to time, as waters change 
somewhat in composition from day to day. 

An intermittent system without filtration consists 
of two lime-water tanks, in which the lime-water ia 
prepared one day and used the nest, and three soften- 
ing tanks, of which two are for use on alternate days, 
and the third is for reserve while cleaning out, &c. 
The lime is run into one of the softening tanks and 
the hard water pumped in ; next day the carbonate of 
lime has de{)osited, and the clear water ia run off for 
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use. For a modernte-aized town requiring 250,000 
gallons fi day, the two lime-water tanks bIiouU hold 
40,000 Ralloug each, and the three softening tanks 
300,000 gallons each, or a total of ilSO.OOO gallons. 

The objections to this systom are (1) the imperfect 
mixing of the solution with the hard water ; (2) the 
cost of construction of the tanks, and the large area 
of ground required ; (3) the heavy working expenses. 

Clark's process removes only the temporary hardnesaS 
Lime does not affect calcium sulphate ; with magnesiotf 
salts, it mdeed precipitates magnesia, but it leaves lime 
salts instead, so does not reduce the permanent hard- 
ness ; although, under certain circumstances, it pre- 
cipitates the bicarbonate of mflgncsia. Waters jwrma- 
nently hard, therefore, require additional treatment 
with an alkaline mixture, which will vary in compoaition 
and amount according to the character of the water. 

Caustic Sixla, or sodium hydrate, NaOH, of com 
merce contains 50 to 70 per cent, of sodium osidt 
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with its equivalent of Hme and decanting from the 
carbonate of lime ; or Hme and sodium carbonate nro 
mixed together and dissolved in the water to be treated. 

Na.CO, + Ca(OH), = CaCO, + aNaOH. 
Sodium Carbonate. — The ordinary crystals have the 
formula NaaCOa.lOHaO, and contain only S7 per cent. 
of the anhydrous carbonate, with 68 per cent, of water 
of crystallisation. They are called " soda crystals," 
"Scotch soda," "washing soda," or simply soda. 
Briuiner, Mond & Co.'s concentrated crystal soda ia a 
flesqnicarbonate, containing 70 per cent, of NaaCOs, in 
the form of small crystals readily soluble in wat«r, and 
presents the great advantage of less weight and bulk, 
and therefore less freight than " soda crystals." The 
eo-oalled "carbonate of soda" of the shops is bicar- 
biinalr, NaHCOu. and is useless for softening. 

The use of these three agents, lime, soda, and 
sodium carbonate, is oft«n wrongly and imperfectly 
stated, and the solutions added by guesswork, hence 
the frequent failures in attempts at commercial soften- 
ing. The total and permanent iiardneas of the water, 
and the strength of the reagents must first be known ; 
tljese require simple operations in volumetric analysis 
by soap-test and by standard acid solutions. If the 
water be fairly constant in composition, and a suffi- 
cient stock of the solutions be made, the doterminations 
need not be frequently repeated. But the softened 
effluent must I>e occasionally tested with nitrate of 
silver, or by the taste, to see that there ie no excess 
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of the chemicals, aa Buch an occurrence would be 
injurious for many purposes. It is better in most 
cases not to carry the precipitation to its final limit, 
but to leave the softened water with about three to 
five grains of hardness. Sometimes a partial softening 
is easily and cheaply effected, where to go further 
would be costly. The following are the equations 
on which the calculations are based, taking calcium 
sulphate as the representative of permanent, and 
calcium carbonate of temporary hardness. 

(o) CaSO, + 2NaOH = Ca(OH), + Na,SOj, 

(6) Ca(OH), + Ca,COiaO, = 2CaCO.+H,0. 

The reactions are almost simultaneous, thus : — 

(<:) CaSOj + CaCOiCO, + 3NiiOH = 2CaC0,+NaiS0, + HaO. 
The remainder of the temporary hardness will be 
removed in the usual way by lime : — 
{d) CaCOjOOj+Cft(OH), = 2CaCO,+ ir,0. 
The result may be summarised thus : — ■ 
Bulb I. — For a tvater in u'liich the te^nporary hard- 
ness exceeds the perinaneiil, cangHc sodti must be added 
equivalent to the permanent hardness, and lime equivalent 
to the temporai-y hardness miiivs the permanent hard- 
ness. 

In waters of great permanent hardness due to 
lime salts, carbonate of soda must be used instead ol 
caustic : — 

(e) CaSO,+Na,CO, = 0ttCO. + Nft,SOj. 

It it be necessary to remove also the temporary 
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bardness, Ume must be added aubsuqueHtli/, as in 
eqautioii ('') above. We sbould tben liave : — 

Rdlb II. — Far a water in which the permanent hard- 
ness due to comiiiiuiuh of lime, exceeds the Icmporarii 
hardness, carbonate of soda Tfiiist Jirst be added in 
proportion to the permanent hardness, and then, if 
neceiaary, litne equivalent to the temporary hardness. 

Every degree of bardness, reckoned as carbonate 
of lime, wbetber as grains per gallon, or as parts per 
100,000, is equivalent to 0'8 grains, or parts, of NaOH, 
to 0-50 of CaO or 0-74 of CaCOH),, to 1-06 of tbe 
anhydrous NssCOa, or to 2"86 of the cryBtalltsed 
NaiCOB,10HaO. 

For magnesian waters tbe case is difl'erent, and 
here it nil! be useful to correct a prevalent mis-state- 
ment. It is usually asserted that calcium am! 
maijuesiuni bicarbonates are precipitated on boiling. 
But magnesium carbonate is much more soluble than 
is commonly supposed ; it is only partially thrown 
down on boiling, the main part remaining in solution 
T aa a part of the 2>ermanent hardness. On the olher 
■ band, magnesium chloride, if present in any consider- 
able amount, is Uable to be decomposed by the boiling, 
hydrochloric acid escaping, and a basic chloride of 
magnesium depositing. This portion of tbe magnesium 
salts would therefore figure in the soap-test as tein- 
I \pvrar!/ hardness. Maguesinm cliloride also reacts with 
the precipitated calcium carbonate, as mentioned in 
iBpeaking of steam-boilers (p. tli), yielding dissolved 
\ WJ. a 
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calcium chloride, and at first basic magnesium car*j 
bonate, and then, finally, insoluble magnesium hydrate. 
Magnesium sulphate can also interchange with sodium 
chloride, forming sodium sulphate and magnesium 
chloride, which then may undergo the above changes, 
although the presence of alkaline chlorides, by forming 
double salts, rentiers it more stable. 

Lime decomposes magnesium salts, throwing down 
magnesia, and leaving a sulphate, chloride, or nitrate 
of calcium as the case may he. In neither case is 
the hardness reduced ; in that of the sulphate it 
is rendered atill more objectionable. The chloride* 
and nitrates of calcium, however, give no fur in' 
steam boilers, as they are so soluble. Waters with 
much chloride or nitrate of magnesium are improved 
by lime for use in steam boilers, while those containing, 
magnesium sulphate are deteriorated ; the relation to 
snap is little changed. For an improvement in this 
direction caustic soda must be employed, but the 
separation of the magnefiium hydrate is never complete. 
The Boap-teat is not a safe guide to the soda required; 
a chemical analysis must be made, and eighty parts 
of NaOH used for every forty parts of MgO, the lime 
salts being dealt with, if necessary, by the other 
reagents, as above described. The process ia more 
difficult, but a considerable improvement may be 
effected, The magnesium present aa carbonate is 
almost entirely thrown down by lime. 

WeCOj + Cii(OH), = CaCO, + lIg[OH),. 
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Davis (EiigUsh pa(«Dt 5,G55, 1887) used tri-aodiuiii 

I)ho3plifite, NnsPOi, especially for softening mtignesian 
waters, under the name of " Trijisa," employing 2'a 
grains for every degree of hardness. Besides sodium 
Jiuoride (p. 234), Doremus has patented the nee of a 
double phosphate and fluoride, NaaPOj, NaF,12H30, 
in large crystalti of definite composition and permanent 
in air, whereas NoaPOi itself readily becomes damp 
and alters. The phosphitlic precipitates have some 
value as manure. In waters which are not potable 
through the purgative action and bitter taste of 
magnesium salts, such as occur in the Permian and 
other formations (see Table D in Appendix), lime, by 
substituting calcium for magnesium, would probably 
in great part remove the objection, while in this 
case if soda were used, the sulphate oE sodium 
formed would be little leas objectionable than the 
sulphate of magnesium. Chloride of magnesium 
with soda would of course form common salt. It 
must be understood that the use of soda some- 
what increases the total dissolved matter, as the 
corresponding soda salts are left in solution, there- 
fore the softened water, if used for too long a period 
in a boiler without washing out, will cause priming 
and finally a hard scale. Permanent hardness costs 
about nine times as much to remove as temporary 
(Archbutt). 

The calculation of the amount of reagents required 
will be simplified by the following scheme, which givea 
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the weight in grams of the reagents required to be 
added per gallon : — 

A. — Whxn Tbmporabt Hardness is xobb than Pbricanent 

^ of the Pennanont Hardness = Soda, NaOH, in grains per 

gallon. 
And ^(Temporary Hardness mintu I _ J Quicklime, GaO, in grains 
Permanent Hardness) j ~~ 1 per gallon. 
Or ^(TemporaryHardnessmmtu)] Slaked Lime, Ca(OH)t, 
Permanent Hardness) / "^ 1 in grains per gallon. 

B. — When Pbbmanbnt Habdnbss szgssds Temposaby. 

}f} of the Permanent Hardness = Anhydrous sodium car- 
bonate, NsaCOs. 



OrMJ,. 



Afterwards^ „ 



ti 



II 



•I 



Temporary 



II 



•I 



II 
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= ** Brunner-Mond*8 con- 
centrated crystallised 
soda." 

= " Soda crystals," 
Na,COs,10H,0 

= Quicklime, GaO. 

r= Slaked lime, Ca(OH)s. 



The amount is given as quicklime, not because it is 
added in that form, but because it is easier to calculate 
the strength of lime and lime water as GaO. 

C. — Fob Maqmesian Watebs. 

{( of the MgO found by analysis gives the weight of 
Quicklime, CaO, required for softening one gallon. 
Or It, or twice the MgO = Soda, NaOH. 

The lime salts can be afterwards treated, if necessary, 
according to A or B above. When a hard supply 
is replaced by a softened water it is always found 
that the old scale begins to loosen and fall off, 
sometimes causing the boiler to leak. As it is not 
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ndvisable to push the softening to its lowest limitB, 
the above theoretical quantities of reagents should 
[ be reduced by from j^^ to J. If an excess of Ume is used 
the liijuid is orten opalescent and will not filter. 

By the softening process a water ia rendered clear, 
its colour is usually diminished, and n large propor- 
tion of the organic matter, and sometimes all the 
bacteria, are entangled and removed. The palate soon 
becomes accustomed to the slight difference of taste. 

In the Sixth Iteport of the Rivers Commission, Sir 
E. Frankland urged that the water companies ouf^ht 
to use Clark's process tor softening their waters 
" before they were allowed to raise fresh capital." 

In the case of clean water, the lime precipitate 
produced by softening can be used for commercial 
purposes, or can be re-burned to quicklime, but in 
dirty waters it is very much discoloured, and is usually 
thrown away. 

Softening appiiratiis, — These are made in many 
dibtinct patterns, which aim at improving the process 
in different ways : — 

1, To economise space. — Sevei'al forms consist of 
divided iron tanks, with cisterns aflixed above for 
the regulated supply of water and chemicals. The 
mixture passes down one side, partially settles, and 
passes upwards on the other through filters of various 
construction, the cleared and softened water emerging 
through a pipe at the top. Some types are designed 
on a small scale for softening a domestic supply. The 
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Boftening Botutions are generally Boda or carbonate 
of 8oda ; the powders contain lime, and are often Bold 
at a large profit. 

Many of these contrivances are exceedingly in- 
genious, but also particularly liable to get out of 
order. The regulating, and withdrawal of sludge, are 
delicate operations, and on the whole, except in remote 
neighbourhoods, where no other course is possible, 
private softening on a small scale by a machine can- 
not be recommended. It would probably be better to 
have a large iron cistern of Imown capacity, to add 
the chemicals definitely in known strength, to stir 
thoroughly, allow to subside, and dip out or siphon 
off the clear water as wanted. 

In kitchen boilers, however, the use of a hard water 
occasions continual trouble and expense, and gi'eat 
danger of explosion. If rainwater apparatus cannot 
be obtained, or a softer local supply, some form of 
automatic softener will become necessary. 

2. To insure the proper proporlums and mixinri of 
Ike reogcnU. — At the locomotive sheds of the London 
and North-Western Eailway, at Camden Town, 7,000 
gallons per hour of chalk well-water from Watford is 
continuously reduced from seventeen or eighteen degrees 
of hardness to four degrees, under a pressure of sixty 
pounds per inch {Porter-Clark process). Tlie lime is 
churned in a horizontal cylinder, all the mixing and 
delivery being accomplished by a water-motor worked 
'-'■ the pressure of the water itself, therefore adjusting its 
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fate of supply to the current of water. Filter 
separate the sediment. 

The Porter-Clark process is specially adapted for 
waters of high temporary hardness, like those of 
London. Atdmcan's sugar refinery, Victoria Docks, it 
was found that the pipes were becoming rapidly choked 
by carbonate of lime, owing to the removal of car- 
bouic acid by the vacuum in the sugar evaporation. 
Hence that process was adopted, and worked success- 
fully. They found that " if the proportion of lime was 
too little there was great difficulty in filtration, but by 
arranging the lime valve so as always to have a slight 
excess, the difficulty was removed ; the filtration was 
also much easier if the water was warmed (the deposit 
becomes crystalline). The slight excess of Hme in the 
boilers did not causa any trouble. The water lost its 
yellow colour and became blue." 

The following illustrations show different forms of 
the plant used for working the Porter-Clark process : — 

Fig. 40 is an apparatus that treats continuously 
1,200 gallons per hour. The square tank on the 
right contains the lime water, which is transferred to 
the central softening cylinder by a small feed-pump. 
On the left is the filter press. 

A smaller apparatus for softening and filtering 
850 gallons per twelve hours, and working under 
pressure from the main without any motive power, 
is shown in Fig. 41. The softened water passes 
upwards to the cisterns of the house. 
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"Wbere motive power is not available, a modification 
is used called the 'Industrial" purifier. A pair of 
upper tanks contain lime water and other eolations 
for workuig twenty - four hours daily. The hard 
water and the solutions nre introduced at the bottom 
of the lower tank, and the mixing is completed by 




causing the liquid to issue in a very thin stream over 
the edge of a trough fi-ved internally round the top of 
the lower vessel. The materials have to he carried 
up, and there is a corresponding inconvenience and 
loss of time as compared with working wifh a motor 
1 the ground level. 
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Fig. 42 ie a recent apparatus Intended to reduce 
the cost of cleansing the filters daily. The longer 
tank consists of a mixing chamber and a filtering 
compartment. The water passes through a eeriea of 




jiendent filterinf; mats and cloths into perforated pipes 
and then into a main pipe connected with a Buction- 
pump 

Maignen uses a powder called " Anti-calcaii'e," of 
lime, carbonate of soda or caustic soda, and alum; 
the latter on dissolving gives aluminate of soda, which 
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aids in the precipitation and clarifying. The powder 
is contained in a vessel over the ciBtem (Fig, 43), nnd 
Its delivery is regulated by a kind of water-wheel 
worked hy the incoming stream of water ; the wheel 
also aids in the mixing; the resulting mixture is 
cleared by a filtering bed placed in a second compart- 
ment cl thfl cistern. A constant supply of water 
i3 required, and the results are generally good, 
Maignen, and also Archbutt (-/. Soc. Ckem. Ind., 1891, 
519) state that the chemicals give practically the same 
result whether added together or separately, 

I may here note that the soap test, with experience, 
gives rapid and useful results if (1) the sample is diluted 
with distilled water till the 100 c.c. taken have about 
10 degrees of hardness : (2) at the end the titration is 
overdone to see that a strong lather is obtained, thus 
avoiding the mistake often caused hy the " pseudo- 
point " of magnesia. But Hehner's method is now 
widely preferred. The alkalinity of 500 cc. of the 
water is determined hy standard acid and methyl 
orange, and recorded as temporary hardness in 
terms of CaCOa. The remaining lime and magnesia 
are now precipitated by boihng 250 cc, with a known 
volume of decinormal sodium carbonate, filtering and 
titrating with acid. The sodium carbonate consumed 
gives the permanent hardness. In important cases 
a mineral analysis is made ; the CaO and MgO 
calculated to CaCOj give the total, and the COj 
gives the temporary haiduess. For softening, it 
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V lime eqmvalent to the 
H total, find sotliura car- 
* Itonate to the (lermniient, 
hardness be oaed, more 
precipitate has lo be re- 
moved than with soda 
■ and lime (p. 240). 

3. To remove thr 
precipitate ruiiiiUy and 
cojHi)/t(e/(/.— Settling re- 
servoira being slow in 
action and occupying 
much space, many other 
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The Ai-chbult-Deeley 
process, as carried out 
at the Midland Railway 
Works, Derby, eniploya 
two tanks side by aide. 
In one the water is mixed 
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determined hy analysis. ^ 
The Boluliona are in- 
jected through a rose by 
means of a steam blower. * 
Since the particles o£ an 
old lime precipitate form 


vBgH 


i 






1 




SOFTENING OF WATER. 353 

nuclei, round which the new deposit aggregates, 
they are left in the tank to promote the separation. 
By means of a three-way cock, a blower injects air 
in bubbles through perforated pipes at the bottom 
of the tank, stirring up the old precipitat-e and mixing 
the two. The settling then takes place rapidly, 
the water, practically clear, is run off in from halE-an- 
hour to an hour into the second tank. Magiieaian 
waters are apt to deposit hydrate or carbonate of 
magnesia in the cocks and tubes. To prevent this, 
the water is re-carbonated after the process by forcing 
in carbonic acid gas generated by a small coke stove. 
The method seems in great favour with brewers and 
steam users. 

Atkins's process, as carried out at Southampton 
waterworks, ia mainly distinguished by the form of 
filter used to finally clean the softened water after 
settling. The filtering medium consists of an endless 
band of cotton cloth travelling slowly. It first passes 
round a perforated horizontal revolving cylinder with 
a hollow axle, immersed for nearly its whole depth in 
a cistern containing the li<iuid to be clarified, so that 
the water filters inwards, leaving the deposit on the 
outside of the filter cloth. 

More or less of a vacuum is maintained in the 
cylinder by pumpa or by a fall in the outlet pipe, so 
as to aid the filtration by the pressure of the air. The 
cleared water passes out through the hollow axle. The 
cloth as it emerges is passed through a second part of 
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turned overhead by 
a series of rollers to 
the filtering tank. 
By this ingenious 
arrangement, the 
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2,000,000 gallons 
jier diem, at a cost 
of one farthing i)er 
1,000 gallons (Fig. 
44). 

The "Stanhope 
Tower" (Fig. 46) 
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on which the precipitate collects and sHJea down 
through a central tube to the base of the tower below, 
where the water enters. The deposit is drawo off by 
a sludge cock. The original form was patented by 
Gaillet and Huet. The towers are made rectangular 
or cylindrical, in various sizes, and are constructed 
to soften from 500 to 5,000 gallons per hour, "at a 
coat of one halfpenny per 1,000 gallons." 

Wright's Patent Heater Condenser Company mana- 
facture a form ol apparatus (Fig, 46) in which the water 
is softened under pressure. This is said to be mora 
applicable in cases o! towns' supply, large institutions, 
or mansions, where the water has to be delivered afc 
some distance from the softener, or where the tank 
is a considerable height above the outlet. A small 
reagent pump for the lime, or lime and soda, is fitted to 
the main pumps, so that every tune they make a stroke 
the reagent pump makes one also. The incoming 
water passes over a small water-wheel working tha 
lime-miser. The deposition takes place on inclined 
plates. The filters, of charcoal, or of cloth if the; 
water contains grease or matters that carbon will not. 
arrest, are designed to work under a pressure ol 
eighty pounds to the square inch. They are cleaned 
by reversing the current. The usual cost of chemicals 
is stated to be about Id. per 1,000 gallons. 

Another form of the apparatus specially intended 
for boilers combines a heater with the above pressure- 

'tener (Fig. 47). It removes both temporary and 
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permanent liardiiess down to three degrees, and 
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Pra, i6— Wright's SoIMner and Filter undiir pressure. 

raises the temperature to 210° P. before entering the 
boiler. 
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town Bnpply could be softened for ill per 1,000,000 
gallons. 

Some analyses by the author, given in a report 
by Mr. Aldwintle, the architect to the Metropolitan 
Aeyluma Board, February Gtb, 1896, show the prac- 
tical results obtained by eonte of these processes : — 
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1. Portor-OlMk .. Brookwood Asylum 


.. 31 


07 2'4 


a. Ditto .. North London Enil- 






way Worta, Bow 


.. 11-3 


2-J5 8-85 


3. Atkina-Olftik .. Lambeth Workboi.-.a 


. . 6-35 


5-7 0-65 


4. Ditto . . Datentb AHjium 


.. 8 3 


0-15 2-16 


6. Arctbutt-Dcoloy McMuiray's Popcc- 






mUlE, WaadBwortli 


.. C'3 


2-i 8-8 



This table shows, as has been already explained, 
that lime efTocts almost a complete softening of a 
water like No. 1, which owes its hardness to calcium 
bicarbonate ; whereas with No. 2, a magnesian water 
(this water had the original composition, total hard- 
ness, 16'4 ; permanent hardness, lO'd), little impt'ovo- 
nient is effected. 

The same report gives interesting information as to 
the coat of the three processes, as applied to the 
special conditions at the Brook Hospital. 

Sard waters, as a rule, are furnished by the follow- 
ing formations : Calcareous strata of Silurian, 
Devonian, and Coal Measures, Jlountain Limestone, 
Lias, Oolites, Upper Greensand, Chalk. 

Sofi. waters, by Igneous, Metamorphic, non-cal- 
B 2 
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eareou3 Cambrian, Silurian, Devonian, and 
Measures, Lower Greensand, London and Oxford Claj, 
Bagshot Bods (hardness one to nine, average four), and 
non-caleareous gravel. Wat-erfrom GauU Clay varies 
very much: some of it is soft and pure, some "of 
fair qaality," hardness nine to eleven degrees ; in Bed- 
fordshire it often contains much lime and iron, derived 
from pyrites and coprolitea. Lower Greensand and 
shale waters are frequently very ochreous. Water 
from Oxford and Kimmeridge Clays contains much 
vegetable matter, and is sometimes bituminous ; other 
clays often include much sulphate of lime, and give 
waters of high permanent hardness. The New Bed 
Sandstone waters are generally briny and quite unfit 
for drinking, beaidos containing much sulphate of 
lime and magnesian salts. Magnesian limestone also 
yields usunliy a bad supply. The water in porous 
strata below the central portions of clay basins is 
usually had, containing much alkaline chloride and 
sulphate, and also sodium carbonate, due to the rain 
ha\-ing percolated latfirally through a large body of 
soil before reaching the spot, and having diasolved 
and accumulated the soluble constituents; from tbe 
presence of alkaline carbonate the lime is generally 
low, and there is often little organic matter. 

A detailed description of the strata in their i 
to waters will be found in the Appendix. 
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CHAPTER XI. 

ANALYSIS AND INTERPRETATION OF RESULTS. 

The results of a bacteriological or chemical analyaia 
of & sample of water are neeeasarily expressed 
numerically and in a teclmieal way. It is possible, 
however, without discussing the details of the various 
processes used by chemists and bacteriologists, to 
understand the figures and the deductions which may 
bo drawn from them. The minute proportions in 
which some of the most significant impurities exist 
in drinking waters render the analysis exceedingly 
difBeult and delicate. The difference between a pure 
and an impure water may only be indicated by frac- 
tions in 100,000; and the problem ia further com- 
pUcated by the fact that, as animal and vegetable 
substances contain practically the same elements, it 
is often difficidt for the chemist to decide whether the 
pollution is of animal or vegetable origin. As the 
quantities are so small, it is very rarely that their 
exact nature can be ascertained, so that usually the 
decomposition products only are determined. There 
is hardly any test suSiciently delicate to indicate 
with certainty whether an organic impurity in a 
natural water be poisonous or innocuous. On the 
other hand, the information furnished by an analysis 
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gives valuable BuggeBtions as to the qaality ot b water, 
especially if its source be known and the data of its 
normal coniposition have been previously ascertained. 

The results of an analysis are still commonly 
expressed in grains per gallon of water, i.e., in parts 
per 70,000. The method of stating the results in 
parts per 100,000 is, however, far preferable, inasmuch 
as being founded on a decimal system, they are at 
once comparable with analyses made in other 
coimtries. Continental results are sometimes stated 
in grammes per litre (parts per 1,000), whilst occa- 
sionally parts per 1,000,000 (milligrammes per litre), 
have been adopted. Results expressed as grains 
per gallon can be converted into parts per 100,000 
by dividing by seven and multiplying by ten, whilst 
multiplying by seven and dividing by ten converts 
parts per 100,000 into grains per gallon. A Com- 
mittee of the British Association recommended that 
all water aualysis results should be expressed in parts 
per 100,000, and many authorities have since adopted 
that plan, which is the one used in this book. 

Samples of water for analysis should bo taken in 
the stoppered half-gallon bottles known as "Win- 
chester quarts," which are obtainable at most 
chemists. They should he free from any adhering 
dirt and washed out with concentrated sulphuric acid 
when purchased, thou filled up with common water 
and rinsed several times, finally with distilled wal«r. 

Id coifecting the Gamble \.\\6 fHftCAiitiona mentioned 




Al^AfiSIS Ai\D US kESVL'iS. 



2bi 



L 



on p. 27 should be observeil. The bottle should 

be filled to the top with the water, then riDBed out 

with it, filled, and the stopper rinsed and inserted. 

Except when the gases dissolved in the water are 

to be examined, it is best to leave a small air space 

below the stopper. II possible the temperature of 

the water should be observed 

at the time of coUectmK the 

sample. Any surroundmg tu 

eumstanees— distance of dwell 

ing, &c., nature of soil depth 

of well, presence of plants &.c , 

— should be noted. After the 

sample is collected it should 

bo despatched as quickly as 

possible to the analyst, as many 

waters change very considerably 

on keeping. 

Samples required for hacteriological esamlnation 
should be separately taken in sterilised bottles, about 
two ounce.* in capacity, and immediately packed in ice 
(Fig. 48) and forwarded for examination. For an 
ordinary chemical analysis one Winchester quart of 
the water is sufficient, but when a mineral analysis 
is required two or three times this amount wiU be 
found necessary. 

The interpretation of results of analysis is often a 
matter of considerable diiEculty, as the analyst judges 
of the purity or otherwise of a water upon all the 
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factors preBented to him, and not on any single 
constituent. Some authorities insist upon with- 
holding from the analyst particulars as to the source 
and possible contaminating influences of a wat«r 
sent for analysis, thinking that by so doing his 
opinion will not be biassed in any way. Such pro- 
cedure IB, however, most undesirable, as it must 
obviously be to the interest of the senders to arrive 
at the truth, and any circumstances which may give 
rise to suspicion may be very helpful to the analyst 
as explaining some of the figures which he may obtain, 
which otherwise he might consider not sufficiently 
condemnatory to warrant his pronouncing against the 
supply. 

The deductions to be drawn from the general 
appearance, colour, and odour of a. water have already 
been mentioned in Chapter I. 

The total Bolids are obtained by carefully evaporat- 
ing a measured volume of the water, drying the 
residue at 120'^ C, and weighing it. The solids in a 
good drinking water should not amount to more than 
thirty or forty parts per 100,000, and should be white 
and crystalline, or finely granular, and not coloured in 
any way. Frequently a water sample contains matter 
in suspension, and it becomes a question whether the 
suspended matter should be included in the total 
eolida or separately recorded. As a water sample is 
taken usually by inespoiienced persons, it is exceed- 
ingly unlikely that the suspended matter collected in 
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8 'Wincheater quart represeDta fairly the average 

auioimt of matttir in BuspeDBion in the vater, so that, 
in moBt cases, the analyst prefers to separately 
estimate this amount. The total solids are therefore 
determined upon a sample of the water taken from 
the hottle after it has been allowed to stand for some 
time, when the grosser particles will have subsided 
to the bottom of the bottle. 

The loss on ii/nition represents the amount of loss 
which the total solids undergo when the dish con- 
taining them is heated to low redness. If there is much 
organic matter present the solida blacken under this 
treatment, and if this organic matter is of animal 
origin an odour of burnt feathers, indicating the 
presence of much nitrogenous matter, is noticed. 
The ash may be coloured brown if iron is present 
in the water, but is usually white, and consists of the 
mineral salts present. Many mineral salts, e.g., 
magnesium chloride, lose acid on being heated in 
this way, so that the loss on ignition is not an 
absolute measure of the amount of organic matter 
present in a water. To overcome this difficulty some 
analysts add a known amount of sodium carbonate to 
the solid residue before igniting, hi order to fix any 
such acids which might otherwise be evolved. 

Thr total amount of chlorine as chlorides is very 
important and is determined volumetricaliy by a 
standard silver solution. The result is returned as 
clilorine, sometimes also as sodium chloride. It must 
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not be forgotten, however, that waters naturtilly contl 
other chlorideti, as those of calcium, magnesiuiu, aod 
potassium, so that the calcuhition into sodium chloride 
is only for convenience. A high chlorine, however, 
nsuallyraisea a >^n^picion of contamination with sewan 
as urine contains about 1 per cent, of Bodiuni chloriS 
About 1*5 to 30 parts of chlorine per 100,000 is ff 
normal amount ; but in districts where there are salt 
deposits, as in Cheshire, or in wells in the New 
Red Sandstone or in proximity to the sea, the water 
may normally contain a higher amount mthout 
indicating sewage pollution. In the United States the 
influence of the aea on land water has been carefully 
studied, and Dr. Drown, in his reports to the 
Massachusetts State Board of Health, has shown that 
it is possible to map out the State by lines which are 
practically parallel to the coast line, in which the 
ground water shows equal amounts of chlorine. Such 
lines ha terms "isochlors," and in his hands they 
have proved of considerable value, as any excess of 
chlorine found in any well water above the natural 
" iaochlor " shows at once local contamination. 

The amount of chlorine found in a water can be 
converted into its equivalent amount of sodium 
chloride, NaCl, by multiplying by the factor 1'65, 
Although chlorine as chlorides thus gives a measure 
of the amount of sewage pollution that the water haE 
received, it does not give any information as to when 
BUoh pollution took place, since, by filtration and 
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oxidatioQ, the organic matter of the sewage and the 
pathogenic organisms formerlj' present may have long 
since been entirely removed from the water. 

By the term ox.r/ijcn consumed by the organic matter 
in a water is meant the reduction which an acidified 
solution of permanganate of potassium undergoes 
when brought into contact with a known volume of 
the water. This test is conducted in various ways, 
and different analysts use solutions of permanganate 
of different strengths, and allow it to act on the water 
under various conditions of time and temperature, 
The red colour of the solution ia gradually destroyed, 
very polluted waters removing' the colour almost 
iustantaneouBly. By using a solution of per- 
manganate of ascertained strength, the amount of 
reduction ia determined by adding excess of potassium 
iodide, and titrating with a standard solution of 
thiosulphate. _ The method most commonly followed 
in this country ia to determine the amount of osygen 
consumed at 80° P. in two stages : — 

1. In fifteen minutes: this figure includes the 
nitrites and any ferrous salts, sulphides, and any 
very easily reduced organic matter. 

2. In four hours : after this time the whole of the 
organic matter will have been oxidised from most 
waters, but with very bad watera a longer time is 
still required to finish the oxidation. In Germany it 
is customaiy to boil the water with the acidided 
permanganate for one hour ; whilst the author ia in 
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the habit of keeping the water and permanganate for 
three hours in a stoppered bottle at a temperature 
a little short of boiling, so as to get a maximum 
amount of reduction. 

Attempts have been made to calculate the relation 
between the amount of oxygen required and the 
amount of carbon present in the water as found by 
combustion, but no deliuite relation seems to exist, 
since the factor varies with waters of different charac- 
teristics. Where, however, consecutive determinations 
have to be made on the same supply, the oxygen 
absorbed appi'oximately represents the carbonaceous 
matter, and varies, like the albuminoid ammonia and 
the chlorides, with the fluctuations of ihe seasons, so 
that any abnormal deviation at once points to some 
new source of pollution. 

The condition in ^^'hich the nitrogen derived from 
animal organic matter eslsts in a water is one of the 
chief points which a full chemical analysis determines. 
A water contaminated with sewage will contain a 
definite amount of chlorides and nearly all nitro- 
genous matter with which such chlorides were 
originally associated. If, after pollution, the water 
has been under the influence of bacteriological action, 
the nitrogen may have been converted into oxidised 
forms ; and, therefore, in most cases a water contains 
nitrogen in the several forms of organic compounds, 
ammonia, nitrites, and nitrates. Fresh sewage is 
practically free trom iM.\ja\«&, ^hilat a deep well, 
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well-oxiiUaed river water, containH the nitrogen almost 
entirely in the form of nitrate. The ratio of the 
oxi<iiBC<i to unoxidised nitrogen in & water, therefore, 
gives a measure of the amoimt of purification which 
iiaa taken place, and the total nitrogen of all kinds the 
absolute amount of pollution which the water has 
sustained. Under certain conditions, however, some 
of the nitrogenous com pound a are so completely 
destroyed by bacterial agencies that nitrogen gas and 
the lower osidea of nitrogen are evolved, and a loss of 
total nitrogen is therefore caused. "When the quan- 
tities of nitrogen in a water are compared with the 
amount of chlorine, it is found that the chlorine is 
largely in excess, although in urine the amount of 
nitrogen ia slightly greater than the amount of 
chlorine. This difference between theory and the 
amount found is partially due to the absorption of 
nitrates by plants, and only in raw sewage do we find 
that the amount of nitrogen at all approaches the 
amount of chlorine. 

The term albuminoid ammonia is given to the 
quantity of ammonia which can be obtained from a 
water after the removal of the saline, or free ammonia, 
when such water is boiled with an alkaline solution 
of permanganate. The process was first devised by 
Wanklyu and Chapman, who showed that, although 
the total organic nitrogen was not obtained in this 
way in the form of ammonia, all pollated waters gave 
off a fraction of the nitrogen in this form, eo that 
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the relative amoaots of albuminoid ammonia fairly 
represent the amounts of imosidiBed organic or 
polluting matter actually present. Before determining 
the albuminoid ammonia, it is necessary to remove 
the free ammonia, so thnt a determination of the 
amount of free ammonia is first made. 

Free ammonia and albuminoid ammonia. — For this 
determinatioii about half a iitre of the water, made 
alkaline ^th carbonate of soda, is distilled until the 
free ammonia has passed over, and the amount 
estimated by the brown colour given by Neaaler'e 
reagent. To the remainder in the retort a solution of 
potash and potassium permanganate ia added, and the 
distillation continued until the " albuminoid ammonia " 
has all come over ; the amount ia estimated by 
means of Kessler's solution, as in the case of the free 
ammonia. A. large quantity of tree ammonia is 
generally indicative of recent sewage contamination, 
aa it is frequently formed directly from area by 
bacteria. Vegetable matter gives rise to little or no 
ammonia on decomposition. 

As already mentioned, the albuminoid ammonia is 
only a relative quantity, and does not give the absolute 
amount of organic nitrogen present in a water. In 
many of the recorded cases of water-borne typhoid the 
amount of albnminoid ammonia found in the -water was 
80 extremely small that the supplies would seem from 
the chemical analysis alone to be of high organic purity. 
It has been shown that BaciUua typhoiui actually 
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flourishes better in a water which ie pure an J frco from 
other matter which has undergone nitrification (p. 53). 
In aa inoculated water Pearmain and Moor found 
no less than 900,000 bacteria per cubic centi- 
metre, but the amount of pollution produced by 
adding the broth culture to the water was bo small 
as not to appreciably raise the amount of albuminoid 
ammonia. 

Nitritcg are usually looted for qualitatively by ■ 
colour reactions, and are returned as strong or slight, 
according to the intensity of the colour produced. 
They ore generally regarded as a bad sign when 
present to any appreciable extent, as they either 
indicate that the organic matter is only then under- 
going oxidation, and is therefore recent in character, 
or point to a reduction of nitrates present in the 
water by reducing organisms and fresh contamination 
with organic matter. In this way a river water 
containing a large quantity of nitrates may suddenly 
lose them owing to admixture with fresh sewage, but 
the change is usually detected by the simultaneous 
production of nitrites. The presence of nitrites, 
therefore, indicates temporary or unstable conditions 
of the nitrogen contents of the water, and points 
either to incomplete nitrification of the ammonia, or 
to a reduction of the nitrates previously present. 

Nitrates are present in rainwater to a very slight 
extent, and are derived from the air, being produced 
probably by the direct combination of atmospheric 
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oxygen and nitrogen during thunderstorms. Mainly, 
bowever, they are the product of nitrifying organismaj 
Dr. E. Frankland's originftl description of nitrates as 
"previous sewage contamination " is thus to a great 
extent justified, as moorland \raters and those con- 
taining vegetable debris are almost free from nitrates. 
In deep well-waters from tho chalk the nitratea ars^ 
often high ; here the water, originally derived from 
the surface, has passed through a perfect natural 
nitrification and filtration. But nitrification may 
take place in a polluted water so rapidly that niLratOB 
may accumulate after transit through a layer of soil 
quite inadequate to remove the germs of either typhoid 
or cholera. Therefore a water which contains over 
0'5 or 0'6 parts of nitrogen, as nitrates or nitrites, 
in 100,000 may be certified aa dangerous, even if tor 
the time the free and albuminoid ammonia are not 
excessive, especially if the chlorides are also present 
in undue proportion. The results of nitrate and 
nitrite determinations are usually recorded as "oxidised 
nitrogen." 

The results obtained as above, with a microscopical 
examination, constitute in most cases sufficient data 
for an opinion on the quality of a drinking water. 
But aa germs of disease are bo excessively minute 
that they may be actually present, and yet give 
no weighable or measurable quantities to chemical 
analysis, the latter alone can never certify that a 
ivafer is perfectly sale. K dxemitiA iMViV3s».,V'i-«w 
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giTfls valuable information, and for the following 
reasons should never be omitted : — 

1. Changes in the chemical composition of a water 
reveal the presence of active bacteria. 

2. When pathogenic organisms are present in small 
numbers, their detection by bacteriological methods is 
exceedinglj doubtful. 

8. Bacteria do not thrive without nitrogenous food, 
which is at once detected by analysis. 

4. Their entrance into a water supply is almost 
always accompanied by sewage products, which reveal 
themselves to the chemical examination, and in cases 
of doubt the chemical analysis should always be sup- 
plemented by a bacteriological test. 

For domestic and industi-ial purposes the kardnfti 
of water is an important item. lb also gives an 
insight into the mineral composition of the " total 
solids," whether the water contains much lime or 
magnesia, and wliether they are present as carbonates 
(temporary), or as sulphates, chlorides, or nitrates 
(permanent hardness). The chlorine and nitrates 
("oxidised nitrogeo") will have been already 
determined ; the sulphates can be tested for by com- 
parison with a water of known composition, e.g.. the 
tap water of the place. If the total hardness be 
deducted from the total solids, we have approximately 
the amount of sodium and potassium salts, which in 
some samples are a leading feature, and when 
excessive render the water laxative, of a bad taste, 

W.P. T 
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and nnfit for drinliing (see Table A in Appendix). 
The presence of potassium is significant in Bua- 
picioua cases. TJrino contains sodium salts, fseces 
yield mainly potassium compounds; hence the latter 
in large quantity point to pollution by solid excreta. 
Phosphoric acid, as a rule, is practically absent from 
pure waters, though traces occur where the strata con- 
tain coprolites. As phosphates are a characteristic 
uigrtdient of both urine and ffcces, " heavy traces " 
condemn a water ; " traces " are suspicious. In sewage 
eflluenta which have been treated with alum and 
lime, phosphates are usually absent, having been 
precipitated as the insoluble phosphate of alumina. 
They may sometimes also he low in sewage effluents 
and undoubtedly polluted waters, if aquatic plants 
have had time to remove them in their growth. 

Organic carbon and nitrogen, or combustion prucets 
(Frankland and Armstrong). — The water is evaporated 
with certain precautions to remove the nitrates, and 
the residue burnt with oxide of copper. The product 
consists of carbonic acid and nitrogen, which are 
measured, and the former calculated into "organic 
carbon," the latter into "organic nitrogen." The 
relation between them reveals whether the contami- 
nation is of animal or vegetable nature, since animal 
matter has, as a rule, a greater percentage of nitro_-en. 
Unfortunately, the process is liable to numerous errors, 
the chief of which are : — 

1. During the prolonged evaporation (twelve to 
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twenty-foor hours), deetmction oE the organio matter 
and loss oE volatile compctrnds occur. 

2. Ammonia or dust may be absorbed from the 



8. The nitrates, especially if high, are not always 
completely destroyed. Any remainder would figure 
aa "organic nitrogen," 

4. Uncertainty as to how much ammonia is retained 
by the acid. 

6, Introduction of nitrogen from the copper oxide 
during the combustion, of occluded hydrogen from the 
metallic copper, and thence the formation of carbon 
monoxide, either of which, if not tested for, would be 
returned as nitrogen, 

6. Leakage of air into the pumps, &c. 

7. The fallacy of deducting the amount of gas 
(COa and N) obtained in a " blank " experiment, as a 
correction for air-leakage, impurity of reagents, &c., 
since this ia an exceedingly variable quantity. Many 
analysts nbo have obtained the apparatus have con- 
sequently discontinued to use it. 

Kjeldahl process, as modified by Drown and Martin. 
— The water is boiled down with concentrated pure 
sulphm-ic acid to near dryness, a little permanganate 
added, and gentle heat continued until the brown 
colour has almost disappeared. By this means the 
nitrates and nitrites are first expelled, and the 
remaining nitrogen is converted into ammonia, which 
remains as ammonium sulphate. The residual liquid 
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is distilled wiih pure soda, sod the ammonia deter- 
mined by Ihe Nessler test or otherwise. After 
deducting the free ammonia, the rest is calculated 
into " organic nitrogen " (Kjeldahl). The process is a 
useful ODe : the results are about double those of the 
albuminoid ammonia (see p. 2tiO). 

No method at present devised yields with certainty 
the vhole of the organic carbon and nitrogen in a water, 
and any tliat did bo would still furnigh little certain 
information as to its composition. Isolation of definite 
compounds from larger quantities of water ia the 
direction that future analysis must take, and a few 
attempts have already been made. 

H. Fleck {Zeiischvift far Arvjew. Chem., 1889, 580) 
evaporates one or two litres to dryness with tartaric 
acid, extracts with absolute alcohol, evaporates, and 
moistens with potash solution. With polluted waters 
he obtained a distinct odour of fseces (slntol?). 

M. Baudrimont extracts the original water with 
ether: on spontaneous evaporation of the solvent 
characteristic odours, fatty residues, &c., are left. 

Zune concentrates the suspected water at a gentle 
heat until a tew cubic centimetres are left, then extracts 
with warm alcohol. In the case of pollution by urine 
or fffices, be finds urea and biliary matters in the 
alcoholic solution, and uric acid (by the murexide 
test) in the insoluble portion. Such a discovery 
would, of course, be proof positive of admixture with 
fresh sewage. Bui these methods only apply to 
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recent and extreme contamination. Odours arc liable 
to great divergence ot opinion. 

Products of manufacture occasionally find their way 
into drinking water. Soap, petroleum, various fibres, 
traces of metale and chemicals have been detected in 
domestic Bupplies. These occurrences have some- 
times been of service, as pointing to a leakage into 
wellB or pipes that might also admit pathogenic 
organisms (see p. 8!)). Poisonous metals, like lead, 
copper, and zinc, should be entirely absent. Not more 
than a trace of iron is admissible. Arsenic, barium, 
manganese, &c., have been occasionally recorded. 

Ill a [iinier on Fermentative Changes (lioyiil Dublin 
Society Transactions, September, 1895), W. E. Adeuey 
has proved that it is important in the examination ot 
a water to show (1) the absence of easily fermentable 
matters of all kinds; (2) that it has been subjected 
to efficient natural or artificial filtration. The first 
condition will have been established if the water 
contains no free ammonia, or only slight traces, since 
of the easily fermentable substances present in waters 
it is the last to be fermented. Tho second is satisfied 
if traces only of fermented organic matter are found. 
To determine the rate of progress of the natural puri- 
fication of polluted waters by bacteria and oxidation, 
he estimates the oxygen, carbonic acid, ammonia, 
nitrite and nitrate, present in the water, kept out of 
contact with air, at various stages. 

The determination oJdiMolxed oxygen ia seldom made. 
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It is valuable in ehowing the purification or pollution 
of rivers during flow and in filtration experiments. 
Gerardin has shown that diminution in the amount of 
oxygen dissolved in a water indicates low vegetable life, 
and usually results in an unpleasant odour and taste, 
besides retarding natural purification. A fully aerated 
water will contain about 7 c.c. of dissolved oxygen per 
litre, the amount, however, varying with the tempera- 
ture from about 6 c.c. in summer to over 8 c.c. in 
winter. A sewage or badly polluted water contains 
little or none. (See Chapter I., p. 19.) 
The following are fairly valid inferences : 



Free ammonia. 


Albuminoid do. 


Chlorine. 


Indications. 


High. 
High. 
High. 
Rather high. 


Moderate. 
Very high. 
Rather low. 
Low. 


Small. 
High. 
Very high. 
Very low. 


Sewer gas. 
Sower water. 
Urine. 

Vegetable matter, 
perhaps marsh V. 



Dr. Smart has pointed out that, in the albuminoid 
ammonia process, fermenting vegetable matter give3 
a yellow colour with the carbonate of soda, and a 
greenish with the Nessler test. This, coupled with 
the oxygen consumed and the rate of evolution of the 
albuminoid ammonia, led to the following discrimina- 
tion :— 

NHa ey(^yed slowly = recent organic matter. 

Oxygen consumed low = animal. 
„ „ high = vegetable. 

NHs evolved rapidly = decomposing organic matter. 

Oxygen low : Nessler colour, 

the normal brown 
Oxygen high : Nessler greenish, 
NajCOs yellow 



\ 



- = animal. 
= vegetable. 
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The above differences of colour have been for a long | 
time observed, and have been attributed to different 
causes. Water containing notable amounts of sewage 
always gives a peculiar aromatic odour in the first 
albuminoid distillate. 

Wauklj'n'a standards for albuminoid ammonia 
are; — 

High purib;, to -0011 parts per 100,000. 
Satiefoctozy, -OOU to 0083. 
Impure, over 'OOaa, 

In the absence of free ammonia, be doea not oon- 
demo a water unless the albuminoid exceeds '0082, 
but a water yielding "0123 he condemns under any 
circumstances. This would frequently, and with jus- 
tice, condemn the waters of the London companies. 

Frankland and Tidy's standards for oxygen con- 



Medium, 'OS to 'IG. 
Impure, over -21. 

Tables of bard and fast limits for waters are, how- 
ever, useless and misleading. So much depends on 
the locality. A number of typical analyses will be 
found in the Appendix. 

In a research on the different actions of sodium 
peroxide and of permanganate on the organic matter 
in water {Britigk Association Reports, 1893), I 
have shown that different kinds of " albuminoid 
ammonia" are possible, remarking that waters con- 
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taining fresh sewage which has been partially oxidised 
by the peroxide yield the remainder of their pmraonia 
to the alkaline permanganate much more rapidly 
than when the water had not been so treated, and 
BUggeating the presence in waters of organic nitro- 
genous matters which, when partially oxidised, are 
then in a condition to be completely broken up by the 
stronger reagent. When the albuminoid ammonia 
process was introduced it was well known that 
there was a varying relation between the quantities 
of albuminoid ammonia and the amounts of different 
kinds of organic nitrogenous matter. The works of 
Freiisse and Tiemann, Mallet, LefTmann and Bean, 
P. Prankland, and others, have confirmed the infer- 
ence that, although a useful indication, too much 
importance must not be placed on this item ot the 
analysis. 

Bamea (J. Sac. Chem. Ind., 1896, 83) compared 
the effects of acid permanganate and of acid bichro- 
mate on different bodies, and showed that the latter 
was far more energetic towards starch, glycerine, 
sugar, and gelatine; that with albumen and its con- 
geners the permanganate used increased, wliile in 
solutions containing tannin or peaty matters the 
amounts of permanganate and of chromate consumed 
approached equality. Woodman {J. Am&r. Cliem. 
Soc, 1898, XX. 497), has applied Barnes' ratio to the 
discrimination of the nature ot the organic matter in 
waters. The process is described in the above papers. 
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For equal volumes of water, the number of c.c. of 
permanganate used, divided by that of bichromate, 
gives the " oxygen ratio." For example : — 



I. 



Peaty Waters, with high " oxygen consumed," but 
be free from sewage — 

Boston tap-water, July, 1897 

„ „ January, 1898 . . 

„ „ March, 1898 

Dark swamp water diluted . . 



If 



ff 



Reservoir, Orange, Mass. 

„ Athol (fuU of algu}) 
„ „ (filtered) 

Infusion of dried leaves 

Solution of humus in ammonia 



IL Sbwageb. — 

Sewage from Marlboro' (filtered, old) 
„ Boston (decanted, fresh) 

Filtered sewage, Boston 
Same, diluted with 6 vols, distilled water. . — 

i> »» 10 „ 

Well, contaminated with sewage 



»> 



• • 



i," but known to 


Colour. 


Ratio. 


0-3 


0-656 


0-7 


0-646 


0-48 


0-649 


60 


0-833 


1-8 


0-689 


0-58 


0-659 


— 


1132 


1-7 


0-750 


100 


0656 


— 


0-692 




0*543 


— 


0-389 


-- 


0-470 


— 


0-490 


— 


0-460 


— > 


0-449 



Peaty waters, therefore, give a ratio above 0'600, 
whilst sewage and waters polluted by it are below 
that limit, altaough urine alone, according to Barnes, 
gives '621. 

A well water suspected from the high "oxygen 
consumed " gave a ratio of 0*957 ; hence it was con- 
cluded that vegetable matter, and not sewage, had 
entered, which was confirmed by examination of the 
site. 
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law BpeciflB, eorred into "comma" or short) spirnl 

Eforms, Trhich are then considered as belonging to 

> group 4. 

3. Longer unsegmented threads, straight or undu- 

i lating, often matted and inter- 

I laced into flocculent masses. 
Crenothr'u: (Fig. 50) develops 
in water-pipes and in covered 

I tanks, under the influence ot 

' darkness and of deficient 
aeration, sometimes to such 
an extent as to communicate 
a bad odour and taste to the 
whole supply. It imparts a 
reddish tint to the liquid, 
owing to the oxide of iron 
which it assimilates a,nd then 
excretes ; it increases very 
rapidly by spores. At Lille . 
and at Berlin it has cai 
very great trouble and ex- 
pense. Cladothrix dicliotonia 
also occasions great incon- 
venience by blocking pipes, especially if the water 
is periodically stagnant, as in intermittent supplies, 
and when it is rich in organic material. In 
large numbers it gives rise to whitish flocculent 
masses ; threads of it are easily identified under the 
microscope, and indicate that the water is not in a 




Fro. 50.— Crenotbrii Kuh. 
. nian[>(xGOD}. a. Artbriv 
spores ; b, single aeg- 
meDts ; c, common sheath 
Burrounding the separate 
spores. 
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proper state, or that the filtration is inefficient. It 
develops a strong moaldy smell, and precipitates 
carbonate of lime round its filaments, bo that if 
treated under the 
microscope with hydro- 
chloric acid it shows 
bubbles of carbonic 
acid gas. Beggiatoa 
alba, "the sewage 
fungus," occurs as 
whitish or . grey 
tliieads, or large flakes 
(Fig. 51), by the sides 
of effluents, and some- 
times finds its way 
into polluted drinking 
waters. At the ex- 
tremities of the fila- 
ments highly refracting 
granules will be seen 
under the microscope ; 
these are sulphur in 
a liquid state secreted 
by the plant, and 
fonned either by a re- 
duction of sulphates 
to sulphides or from sulphuretted hydrogen pro- 
duced by putrefaction ; in either case the water 
28 obviously unpotable. This fungus is frequent 




Fio. 61. — Beflgiatoa alba, Bhow- 
ing attach ed, free, curved, and 
spiral fonuB. a, chain of Epores ; 
b, free spores (motile) ; c, portion 
under a hiRhor power, sbowing 
tronaverse and longitudinal divi- 
sion ; d, filamentB breaking up (the 
Bmall dark circles are granules of 
sulpfaur highlj refracting) ; e, free 
motile segment with terminal 
flagella. 
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in drain-water, and is also found in sulphur BpringB. 
Leptothrix ochracea ia one of the " ii-on-bacteria," 
growing sometimes iuxuriantly in ferruginous waters 
containing very smull quantilieB of organic matter. 
It occasionally leads to rust -coloured flakes and 
crusts in decanters, and shows that the water 
contains too much iron to be wholesome, and indi- 
cates that the water should be previously treated by 
lime and deposition or filtration (p. 18). Fuaarluvi 
aqiKedvctiium (FusiBporiiim moscliatmn), the "musk 
fungus," was found by Lagerheim in the tap-water 
of Upaala as long greyish masses hanging down from 
the orifice of the pipes. Its presence has been eua- 
peeted in many waters having a musky odour ; it is 
believed to be pathogenic (Heller). I have found the 
inodorous F. solani in London water. 

4. Screw-shaped or spiral bacteria. Vibrios are 
short, undulating forms; Spirilla are longer, and in 
a distinct helix or screw ; Spirochceta is a long, thin 
thread, with numerous short turns of the spiral (see 
Fig. 49). The comma bacillus has been variously 
referred to Vibrio or to Spirillum, as both forms occur. 
This variability ot shape of the same species renders 
it necessary to supplement a simple microscopic 
examination by cultivation experiments. Certain 
identification of a special organism depends on : — 

(a.) The microscopic appearance at different stages 
of growth. 

{b.) The presence of capsules, spores, fiagella, &a. 
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(c.) Motility. Some bacteria are BluggiBh or almoBt 
iinmotile ; others exhibit rapid changes of pOBition. 
In this case minute, whip-like processes, tailed cUta 
if short and numerous, or Jlagella if few and lengtbened, 
should he looked for hy careful Btaining. 

(rf.) The production of suhatanees recognisable by 
chemical tests, such as indol (p. 302), &c., and of 
characteristic colours by chromogenic bacteria, of 
fluorescence, of odours, of phosphorescence, of 
liquefaction, turbidity, precipitates, or gases. 

(e.) "Whether the bacterium can live without 
oxygen. The larger number are incapable of multi- 
plying in absence of air, and are called aerobic. Such 
as cannot grow in the presence of oxygen are termed 
anaerobic. Both of these are described as obligate 
aerobes or anaerobes. If an organiBUi can thrive 
under either condition it is Raid to be facultative. 

(_/■.) The results of cultures in different media and 
at various temperatures. 

ig.) Experiments hy inoculation on animals. These 
can only be carried out under a licence, and are not 
necessarily conclusive as to man. 

Cultivationa are made with various media, such 
as nutrient gelatine, agar-agar, meat brotb, milk, 
blood serum, potatoes, albumen, &c. The most 
important of these is the nutrient gelatine, which 
consists of meat broih containing 10 to IS per cent. 
of gelatine, 1 per cent, of peptone and O'S per cent, of 
common salt. It is rendered neutral or very lalntly 
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alkaline and clarified with egg-albumen. Wbile hot, 
quantities of about 10 c.c. are run into teat-tubea 
fitted with cotton-wool plugs, the cottonwool and 
tubes having been previonaly sterilised by iieat. These 
tubes are then fractionally sterilised by steaming for 
half an hour on three succeBsive days. "When properly 
prepared the jelly is quite bright, should not melt at 
2'2° C, and undergo no alteration on keeping; as the 
cotton-wool plugs, while admitting air, exclude the 
micro-organisms floating in it. Nutrient agar ia 
prepared similarly to the above, 2 per cent, of agar- 
agar being used in place of the gelatine ; this remains 
solid at blood-heat, and is therefore used for cultures 
at the higher incubation temperatures. These tubes 
of gelatine and agar ate always stocked, and they are 
used for the following cultivations : — 

1. Plate cultures. — This method was originally 
devised by Koch, and is almost invariably resorted to 
for the isolation of bacteria. The gelatine is gently 
warmed until perfectly fluid, one cubic centimetre or 
less of the water, according to its purity, is then 
added from a pipette graduated into ^ths of a cubic 
centimetre. The tube is then carefully shaken and 
the contents poured into a shallow glass dish with 
a close fitting lid — this " Petri's dish " and the i 
pipette are previously sterilised by heat. The gelatine ' 
is then allowed to set, which can be hastened by 
placing the dish on a block of ice, and is subsequently 
incubated at a definite temperature nut exceeding 
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22° C. and examined from day to day. If germs are 
entirely absent, the gelatine will remain quite clear, 
but this very rarely ocenra in nature. Deep well 
waters after a time show a few isolated specks ; other 
waters, according to their quality, show greater or 
less numbers of centres of growth (Fig. 52). These 
' which are due to the multiplication of 




Fio. S3.— A Koch-plate culture, Bbowing oolonies. 

scattered organisms, are almost invariably pure 
cultures of the original germ, and soon exhibit 
characteristic differences. Some form cup-shaped 
depressions of liquid gelatine, others refuse to liquefy 
the medium. The colonies are either raised above 
the surface or penetrate deeply into it ; the outline 
may be ragged or circular ; branchings from the 
centre or concentric circles may appear ; they may 
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remain white or develop peculiar pigments. Many 
bad waters cauBe the gelatine to rapidly liquefy and 
to emit an unpleasant putrefactive odour. If there 
is no guidance as to the purity of the water, aevernl 
plate cultures with varying quantities have to be 
made at once, as they cannot he repeated ; sometimes 
the sample has to be diUited with sterile waler. A 
maximum of about 100 colonies should be obtained 
on a plate, and even then if a number of rapidly 
liquefying bacteria is present the plate will be uselet^s 
in one or two days, according to the temperature, 
before other colonies have developed sufficiently to be 
visible. Owing to the rapidity with which bacteria 
multiply, especially in the presence of organic matter, 
it is sometimes preferable to start the plate cultures 
at the spring or other source of supply, the operator 
being provided with a spirit-lamp and a case for the 
safe transit of the plates to the laboratory. 

As a rule, the colonies on the surface of gelatine 
plates grow more rapidly and are easier to diagnose 
tlmn those in the depth, which often remain mere 
dots; when typical colonies are required, "surface 
cultures " are prepared. The sterile gelatine is poured 
into the Petri dish and allowed to become quite solid. 
About 1 c.c. of the liquid to be examined is then run 
on to the jelly and carefully spread over the whole 
siurfnce. After a few hours the water is absorbed and 
the bacteria are deposited superficially, 

The number of colonies on the plate is counted 

W.P. t! 
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nith the aid of a magiiifjiiig glass, and when they are 
numerouB hy placing the culture over a glaBB plate 
ruled in centimetre squares (Wolfifhiigera apparatus). 
As each colony oriyimitefl from one individual, a 
factor ia obtained which represents the number ol 
orgaiiiama per cubic ceatimetre. But it is obvious 
tliat the mimber of bacteria alone furnishes verj 
imperfect information unless their nature is also 
inown. It is, however, of great value in controlling 
the efliciency of filtration or the carefulness of storage, 
as where innocuous organisms can penetrate, disease 
germs can also find a way. For this reason, Koch 
prescribes for a good drinking water a maximum limit 
of 100 micro-organisms per cubic centimetre. The 
following is Miquel's experience of the numbers found 
in different classes of water : — 

Ezoeediugly pure \rt,tei to 10 

Very pure ditto 10 to 100 

Puro Wfttet . . 100 to 1,000 

Mediocre water 1,000 to 10,000 

Impure ditto 10.000 to 100,000 

Tet; polluted ditto . . . . 100,000 to many mUlioiia. 

There is no doubt that these limits are too wide, 
and Koch's figure, 100 per cubic centimetre, is now 
generally looked upon as easily reached by good 
filtration. Delepine has employed a comparative 
method, taking as a standard of purity the water from 
one of the feeders which ia known to be free from 
contamination ; he finds that the number of organisms 
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may be increased 300 per cent by wet weather. 
In river waters, Kibrehl Btates that the number of 
bacteria normally increases with a rising tide and 
decreases with the falling tide. Deep well waters, as 
a rule, contain less than ten, while P. Frankland 
found that out of sixty-one eamplea of filtered water 
collected at the Loudim companies' works, only one 
contained more than 100 colonies per cubic centimetre, 
the average being twenty-nine. But the water as 
delivered to the consumer frequently contains a much 
larger number, as is ahown by the table of analyses in 
the Appendix. 

The number, and nature, of orgauisms present in 
a water, which multiply at blood-heat, can be deter- 
mined from an agar plate culture, prepared similarly 
to the gelatine plate, and incubated at 38° C. for forty- 
eight hours ; as a rule no further growths appearing 
after this time. 

The colonies on the gelatine plates are organisms 
capable of multiplying at room temperature, and may 
include many water-bacteria, which are killed, or at 
least inhibited, at the temperature of the body ; but 
pathogenic forms, and the majority of organisms 
present in ffficoa, develop rapidly at blood-heat. In 
the author's laboratory gelatine and agar plates were 
prepared from tap water previously infected from a 
pure culture of B. t7/pkosus—the agar plateo showed 
numerous colonies of the typhoid bacillus after twenty- 
tour hours at 36° 0., but the bacillus could not be 
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reoogniserl od the gelatine plates, even after six 
incubation at 15° C, the gelatine being then almost 
entirely fluid owing to B. Jiaorescens liquefudena and 
oLher rapidly li<iuefying bacteria originally present 
in the tap water. Agar plates are therefore very 
valuable for detecting any xjollution of a natural 
water. The number of colonies obtained at room 
temperature may be within Koch's limit of 100 
per c.c, and yet an eseesBive number of " blood- 
organiems may be present ; or the water may esceed 
Koch's limit, whilst few or no blood-heat colonies are 
obtained. In other words, the ratio of blood-heat 
organisms to those obtained at room temperature has 
always to be considered. 

For example, in a London water, regularly 
examined by the author, the ratio of blood-heat 
colonies to those obtained on the gelatine plates varied 
at different times from 1=68 to 1:2, while the average 
ratio of nearly a year's weekly examinations has been 
1:12. The average number o! blood-heat colonies 
per c.c. after forty-eight hours' incubation of the plate 
was 7 ; that of the gelatine colonies, five days' 
incubation at 16° C, was 83. 

Deep well waters should be entirely free from 
"blood-heat" organisms, and the presence of even 
a few must be regarded as suspicious. 

To identify an organism, as soon as the colony is 
sufficiently developed it is rolcroscopically examined, 
minute portions transferred with & sterilised platinum 
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plunged steadily nearly streak cultivation. Stab culture. ^M 


to the bottom (Fig. 54), ^^M 


withdrawn, and the wool plug at once replaced. ^^H 


Certain ramifymg growths show themselves better ^^H 


under this method. Moreover, the occurrence of ^^H 
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a growth iii the deep layers will often reveal the 
presence ot anaerobic organisms, which can after- 
wards be specially cultivated as described below. 

4. Shake cnllurcs.—ihe fluid gelatine or agar is 
inoculated with the organism, gently shaken, so as 
not to produce air-bubblea, and then allowed to 
solidify. It the organism produces gas during its 
growth, the jelly will become impregnated with small 
gas bubbles, which gradually increase in size and 
namber. B. colt commwiia, a Don-hquefytng bacterium 
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present in large numbers in sewage and polluted 
waters, gives the "shake reaction " after six hours' 
incubation at 38^ C. 

5. Roll cultures. — These can be employed instead of 
gelatine plates when it is required to start the cultures 
at the water source ; but they must be kept cool, and 
are soon spoilt by liquefying bacteria. Quantities of 
about 10 c.c. of nutrient gelatine arc sterilised in wide 
test-tubes ; these are inoculated in the usual manner, 
and a rubber cap is drawn over the cotton-wool plug. 
The tube is then held horizontally in cold water, 
and rotated with the fingers till an even layer of 
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the gelatine has set roand the walls of the tube 
(Fig. 55). 

6. Anaerobic cidthations. — A wide test-tube fitted 
with two narrow tubes, as shown in the drawing, is 
sterilised, and the inoculated gelatine is introduced. 
Hydrogen is now passed through the Hquid, kept 




Ftq. 5C,— Anierobio culture in hydrogen. 



warm, until the air has been completely ( 
then the two glass tuhes are rapidly sealed at the 
blowpipe, and the caoutchouc stopper covered with 
melted paraffin was. The tube is now rotated hori- 
zontally in water for a roll culture, as above (Fig. 56). 
Or the culture is mounted in a closed jar containing 
a layer of pyrogallic acid and potash to absorb the 
oxygen (Fig. 57). The air may also be exhausted by 
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like B. cnli cmnmunw, coagulate milk ; the majorit; 
do not. IL lactiii visrosus, first found hy Adametz in 
the water of brooks in the neighbourhood of Vienna, 
is a wideBpvead infeetor of milk, rendering it slimy 
aitd foul. Butter made with such milk quickly epoils. 
B. h»t!irkiis and B. lacticiis can be carried by water, 
aa well aa many othera which set up peculiar 
fermentations. 

Sterilised slices of potato are of great value for the 
distinction of several pathogenic forms, such as 
typhoid and others, and the production of pigments. 
B. ■prodiijiosug, found in air and water, often loses its 
characteristic blood-red (.'olour after repeated sub- 
culture in gelatine, but it can be restored with 
metallic brilliancy by cultivation on potato. 

Microscopical examination and staining, — The sus- 
pected colony is examined at first with a low power, 
about 1 inch, the Petri's dish being inverted or, if 
necessary, the cover is removed. A minute portion 
of the growth is then mixed with a drop of pure 
water on a cover-glass and driad by a very gentle 
heat, and it is fixed by rapidly passing twice or thrice 
through a flame with the residue upwards. A drop 
of the stain is then spread over the preparation, or 
it may be floated face downwards on the staining 
solution, which sometimes requires warming, and 
after a few minutes the specimen is carefully rinsed 
with water, dried, and examined under the microscope 
wilh a -^ inch immersion lens. For such rapid work 
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methjl blue ib b most useful stain — fuchsine, gentiao 
violet and other dyes are also used, sometimoa with 
ft mordant for demonstrating flagella, spores, &c. 
Many bacteria do not stain readily, some are easily 
bleached again, and the manner in which an organism 
takes up a etain often helps in its identification 
Details of different processes, and the morphology ol 
the bacteria occurring in water, must be sought iu 
special treatises on Bacteriology. 

The size of organisms is recorded in micro-milli- 
metres = Ti5^ of a millimetre (about j^Jcn of an 
inch), commonly abbreviated /*. In the absence of a 
scale, a comparison may be made with bodies of 
known size, such as red-blood corpuscles. 

To study the growth of an organism and to decide 
whether it is motile or not, a " hanging drop " exami- 
nation should be made. A portion of the fluid culture 
is transferred by a platinum loop to the surface of a 
thin cover-glass held by forceps. This is then 
inverted over the well of a hollow slide, round which 
a ruig of vaseline has been painted, so as to fix down 
the cover-slip, The edge of the drop must be first 
focussed with a low power, and then with a higher. 

An " impression " preparation is made by gently 
pressmg the cover-glass on the colony, which must 
be on the surface and not too advanced. The cover- 
glass is then removed with the aid of forceps, and, 
after being allowed to dry, the preparation is fixed, 
ned and mounted. Many bacteria show their 
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natural grouping when examined in this manner, 
which is not so clearly defined in the usaal cover-glass 
preparation. 

Sterile distilled water is frequently reqnired, and can 
be obtained by a Pasteur-Chamberland or Berkeleld 
filter (p. 201). Apparatus, cover-glaaaes, &c., must be 
carefully freed from grease or dust, and all vessels for 
cultures must bo Bterilised before use by heating for 
some hours above 100° C. Perishable articles, like 
rubber corks, are soaked in a one per 1,000 solution 
of mercuric chloride (or preferably formalin) and then 
thoroufjlily washed with hot sterile water. 

The identification of all the species of micro- 
organisms in a natural water would usually be an 
extremely laborious, if not impossible, task, and the 
results when obtained would not be of equivalent 
value in our present limited knowledge of the subject. 
The bacteriologist therefore confines his attention to 
the number of organisms present, the nature of the 
predominant species and the significance of their 
presence, and a search, by special methods, tor any 
pathogenic forms that may be suspected. 

To determine the " pathogenicity " and the presence 
of surface organisms, Blachstein conducts animal 
experiments with broth cultures from the water. 

One cubic centimetre of the water is introduced into 
a tube of sterile broth, and this is incubated at blood- 
heat for two days. Animals, usually guinea-pigs or 
rabbits, are then inoculated, either subcutaneously or 
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intraperitoneally, with 2 c.c. of the broth ciilture. If 
other than harmleBs water orgaDisms are present, 
the Eubcutaneous inocalation excites a more or less 
violent local action, and the animal infected intra- 
peritoneally loses wei;;bt, and in some cases death 
rapidly ensues. 

A water which contained 668 bacteria per c.c, of 
which 106 rapidly liquefied gelatine, was examined by 
the above method. Two guinea-pige were inoculated 
with a forty-eight hours' broth culture from 1 c.c. of 
the water ; subcutaneoua and intraperitoneal injec- 
tioua were made respectively. The former produced 
a large indurated swelling, but the animal did not 
lose weight. The guinea-pig inoculated intraperi- 
toneally died in three days, and had lost seventy-five 
grains in weight. This water therefore contained a 
large number of putrefactive and noxious bacteria. 

The organisms found in natural waters are for the 
most part bai:illi. Houston considers streptococci as 
indicating recent pollution : I have occasionally found 
them in deep well waters of undoubted purity. Moulds 
sometimes develop on the gelatine plates ; they are rare 
except in waters that have been improperly stored, and 
have usually got in duringmanipulation. Protean forms, 
such as I'wtcus vulgaris or viirabilis are occasionally 
met with, but their presence is objectionable, as they 
are typical organisms of advanced putrefaction. 

Koch's " Comma- Bacillus," Vibrio or SpiriUum 

r<e Asialica, first found by him in the water of a 
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tank at Calcutta, readily multiplies in sterilised and 
pure waters, but in river water is soon crowded out 
and starved by the ordinary water bacteria, hence it 
has been discovered on comparatively few occasions. 
It appears as curved or undulating roda, mostly short, 
but sometimes lengthened into threads 0! spiral form, 
very motile, and ciliated at one end (Fig. 60). It ia 
best stained by fuchsine. On 
gelatine the colonies are cir- 
cular, with a rough, irregular, 
scintillating surface and in- 
dented margins. The medium 
liquefies very slowly, cavities 
being formed by the evapora- 
tion. A stabeulture in gelatine 
gradually grows as a loose, 
white thread, without branch- 
ings. A globular depression Fio. 60.— Cholorn bacillus, 
is produced, after some days, ' ' 

at the point of inoculation, and eventually the whole 
becomes fluid. Since it is easily killed by the presence 
of free acid (see p. 164), all media must be made 
slightly alkaline by carbonate of soda. On potatoes 
thus prepared it forms at 30° to 40° C. a greyish- 
brown layer. 

In dilute peptone water the cholera spirillum 
multiplies with great rapidity, forming a pellicle on 
the surface, even after twelve hours' incubation at 
38° C. Advantage is taken of this fact, first noticed 
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by Durham, in the exammation of waters. A 
quantity of the Buspected water is treated with 
1 per cent, peptone and 1 per cent, salt, rendered 
faintly alkaline and incubated at 88^ C. Micro- 
Bcopical examinations are made every few hours from 
the surface of the culture, and plate cultures are pre- 
pared. A portion of the peptone culture is tested for 
the '' cholera-red reaction " by adding a few drops of 
hydrochloric or sulphuric acid (free from nitrous acid), 
when the rose colour of nitroso-indol appears. This 
reaction depends upon the fact that the cholera 
spirillum produces indol, a8 well as nitrites, whereas 
nearly all those that resemble it do not show the 
same chemical action. B. coli coitwiunis also forms 
indol, but not nitrites, consequently it does not give 
the colour unless nitrite is also added, whilst B. 
typhosus does not form indol. 

Grubcr uses a comparative method. He prepares a 
number of tubes containing cholera 82)irilla in peptone 
grown at 38^ C, then sterilises them by heating for 
ten minutes to 65° C. A number of such tubes are 
inoculated with the susi)ected water, and kept at 88° C. 
for twenty-four hours. One is tested for cholera-red ; 
if it gives a deeper colour than a tube that has not 
been inoculated, it proves that the water contains 
an organism similar to that of cholera, which has 
continued the indol- formation which was interrupted 
by the death by sterilisation of the previous cholera 
vibrios. Other inoculated tubes are examined under 
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tiie microscope and by coltores. Elein says that it is 
possible to give a definite opinion in from eighteen to 
forty-eight hours. 

Agar platen are placed in the incubator face down- 
wards, ao that the condensed moisture does not fall 
on the surface ol the medium. Gelatine cultures are 
maintained at 22° C. The colonies show their 
characters in thirty-six to forty-eight hours. Koch 
also reUee on the pathogenic effect on guinea-pigs 
(cohayes), which are affected by the cholera vibrios, 
but apparently not by the allied 
forms. It is believed, however, that 
there are a number of different 
organisms which at stagea of their 
development can produce in man 
the symptoms of cholera, some of 
them giving the " cholera-red " 

reaction. Spirillum nnduln. 

, , , , . (X 800.) 

in a search tor cholera organisms 

in water, the sample must be examined at the earliest 

possible moment after it is taken, and light should be 

excluded. 

Other spirilla are frequently present in stagnant 
waters, and are characterised by their rapid motion, 
due to the flagella with which they are provided. 
Some of these may be pathogenic. SpirUliim timJula, 
the common form, according to Schenk, is shown in 
Fig. 61, stained to show the flagella. 

The B. Ii/phosits of Eberth appears as short, plnmp 
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rods with rounded ends, 
growing sometimes in cul- 
tures into long threads 
bent at an obtuse angle, 
which are characLeristic. 
{Fig. 62). They are 
extremely motile, sur- 
rounded on all sides by a 
great number of flagella, 
which, however, are not 
rendei-ed visible by the 
ordinary stains, requiring 
a special process, such as 
Loffler's, when the bacillus 
presents the appearance 
shown in Fig. 63, the cell 
appearing larger owing to 
its envelope taking up the 
heavy stain. Colonies on 
the surface of gelatine 
plates are whitish, with 
indented margin, becom- 
ing yellowish-brown ; the 
gelatine is not liquefied. 

B. coli cintDnunis is 
constant in the intestines 
of man and animals, and 
will always be present iu 
waters contaminated with 
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typhoid. In some fonns it greatly resembles the 
typhoid bacilhiB, and was frequently ntistaken for the 
latter by earlier observers. It does not liquefy 
gelatine, but produces gas, which the typhoid bacillus 
does not, and they can, therefore, he distinguished 
by shake cultures (p. 294). Further distinctions are, 
that B. coli when grown in peptone broth produces 
indol (see p. 302), and also coagulates milk in twenty- 
four to forty-eight hours at 38° C, whilst B. typhosus 
does not. 

The typhoid bacillus is capable of growing in the 
presence of small quantities of phenol and hydro- 
cliloric acid (Parietti'a solution), while comparatively 
few other organisms, including coli, are capable of 
multiplying in such a medium ; the rapidly liquefying 
bacteria in particular, which spoil a plate before the 
typhoid colonies can appear, being entirely inhibited. 
The absence of typhoid colonies on a few plate 
cultures, from such quantities as one or two cubic 
centimetres of the suspected water, would obviously 
not prove that the water was innocuous, especially in 
view of the fact that B. typhosus is rapidly crowded 
out by other bacteria, particularly when the water Is 
contaminated wiih sewage. Therefore the following 
method is adopted for its isolation : — 

A litre or more of the water is drawn by a filter 
pump through a sterilised Pasteur or Berketeld filter 
(Fig. 65). The "candle" is then removed, and the 
lilm of bacteria, itc, carefully cleaned off into a beaker, 
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incubated at 22^ C. 



employing a small sterile brush and about 10 c.c. of 
the water. Carbolised gelatine plates, containing 0'05 
per cent, phenol and 0*05 per cent, hydrochloric acid, 
are then prepared with 1 c.c. of this liquid and 

Any suspicious colonies are then 
examined and sub-cultures made 
with gelatine, streak, shake and 
stab cultures, milk, potato, and 
broth tubes for indol reaction. 
Widal's, or the serum reaction, 
is also used as confirmatory of 
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B. coli communis, although 

rather widely distributed in 

nature, is essentially a sewage 

y ^k organism. Houston and Clowes, 

\ ^ in their report to the London 

"A \ County Council (Firat Report, 

- \ \ 1898) on the Bacteriological 

Examination of London Crude 

Sewage, frequently detected the 

colon bacillus in as little as 

•000025 c.c. of crude sewage. 

** The B. coli communin is perhaps the most 

characteristic, and is one of the most abundant of 

the (lifforont npocios of sewage micro-organisms, and^ 

sewage is the chief and most dangerous source of 

pollution of potable waters. The B. coli coynrntniis is 

^ present, at all events in any numbers, in pure 
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Fio. G5.— Diafjram of 
bnctorial filtration. 
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waters, and it is evident that sewage may contain at 
least 100,000 germs of this micro-organism per cubic 
centimetre. It is obvious, then, that there exists a 
bacteriological method of detecting the pollution of 
water with minimnm quantities of sewage, which ia 
oE very great delicacy." 

But, besides the typical D. coli contmunis, there are 
closely allied bacteria, forming the " coli group," 
which are only distinguished by minor differences, 
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such as degree of motility (B. coli communis is slug- 
gishly motile) and the rate of production of indol, and 
also by their pathogenicity. 

The isolation of the typical coli would undoubtedly 
condemn a water, but opinions vary as to the Bigni- 
ticance of the presence of atypical organisms, although 
these, if present in numbers, say sufficient to be 
isolated from the blood-heat colonies from 1 c.c. of 
the water, would be condemnatory. 

Dr. Sims Woodhead defines the true coli bacillus 
as essentially " pathogenic to the lower animals, and 
producing indol rapidly in broth cultures." 
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Dr. Klein has found B. coU present in one wee! 
four out of the eight London companies, and in 
other weeks it was found in two. The Sonthwi 
the East London, and the Lambeth all yielded ii 
two weeks out of eight, in the early part of 1895. 
has also been repeatedly isolated in the anth 
laboratory from London water supplies. 

B. enteriiidis iporogenei (Klein) is a pathog« 
anaerobe, producing resistant spores which are al 
dant in sewage, Houston and Clowes finding 10( 
1,000 and more per c.c. in the London crude sewt 
They are not found in pure waters. The spores 
detected by heating for ten minutes to 80^ C, to 
other organisms, and preparing anaerobic milk 1 
tures. Examinations of London waters in the authi 
laboratory gave negative results with ordinary qua 
ties, but by filtering 60 litres through a Pasteur cai 
their presence was proved. 

B. anthracU, which has been identified in one 
two cases in water, has the appearance shown 
Fig. 66. 

Staphylococcus pyogenes aureus is pathogenic, ani 
found in soil and occasionally in sewage and polk 
waters. It liquefies the gelatine, producing a yel 
to orange coloration. 
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RECENT EPIDEMICS CONNECTED WITH 
WATER SUPPLY. 



OccuBBsNCBS at Maidstone, King's Lj-nn, Wortliing, Cam- 
borne, and Belfast have (tttracted a large amount of public 
nttention. The Local Government Board iBsaed in 1898 the 
following circular-letter to the Clerlia of Town Councils and other 
authorities, on the subject of the supply of water in districts 
which are not within the limils of Water Companict ; — 

" The importance of a wholesome supply of water need not be 
emphasized, in view of the seiiouB epidemics of enterio fever 
which have of recent years been brought about by apeeilio 
Qontaminationot water supphes in different parts of the country. 
It is true that this disease, which formerly prevailed somewhat 
generally in endemic form, has during the last twenty-five years 
been largely reduced as a eaTiiie of death. But, on the other 
hand, there is now a recurring tendency to sudden locahzed 
epidemics, in which tbe typhoid infection ia distributed to large 
populations by means of tbe contamiDation of water delivered 
from public works of water supply, 

" The Council are the body responsible nnder the Public Health 
Acts for secLtring to tbe inliabitants of their district B proper 
and auffioicnt supply of water ; and the Board desire to impress 
upon them the importance of taking the matter into their 
BcrioUB consideration, with the object of guarding their district 
agunst dangers tbe gravity of which has been sufficiently shown 
by recent examples. 

" Where the Council have themselves constructed or purchased 



any mter-worki, It !■ tiidr diit;r< in ptanuuuw of — ^i~ . 
tbo Fnblio Heyth Act, 1B76, to prorida » n^iply gf •*p« 
wholesome" water; and in order to fnlfll thi, oUbKb 
behoveB them to exerdae evei; preoMitioii to gpoum Oh 
water which they deliver to the conmnMn »*i-H }^ mbl 
from risk of oontaniination, whether in normiwitfaiiii iritt 
eourccs from which it ia derived or daring the ooiiem c 
atorage oi diatribution, and that where meuu ctf filtamHoi 
ncceasary those should be adequate, and 

thoroughly efficient condition. Kot only are ,„ 

under a responsibility tor the wholesomeneaa of tha » 
thoy themselves supply, bnt they shonld, by amxatai Im 
tnako themselves acquainted with the sotiroes Tntm>r 
quality of the viuioua supplies in all parta of their ^iatetot. 
in every ease in which the result of Uieii inquiriea is »i»u,H| 
tory, should take all such steps aa may be wiUdn ihttr do 
with the view of Bupplementing or improring tfaa ■"rTtTiM 

" Tlie Uoard would observe generally that aconrats infoRiia 
iilioiild be procured, if not already available, in mioh mri 
lU) the following : (1) Where water U itrived /ram gtUim 
groundt or from tpringt, whether drainage from hnman U 
tions, fanuynrds, and the like, finds its way, direotly m indim 
into tlic reservoir or to any part of the water BerriBe- 
whethcr rink of access to the water of human excreta nnd rin 
refuse is likely to arise. (2) Where water m dortvad Jrom i 
welU, whether surface or other water, liable to ba oonti 
nated by drains, scwots, ccBspools, and the like, reaobes, « 
liable to reach, the wells. The existence and dixeetin 
tisaurcs in the strata deserve especial oonaideratum in I 
rcspeet. (3) Where water U derived from thtUtow w 
whether the wells are bo circumstanced that tbay ran i 
of contamination by reason of drains, privies, cewpot^ 
luiddens, or by deposit of manure (whether derived from bog 
excreta or not) iu or on Uio ground in the neighboorbood oi 

"The Board trust that the Council will not fjul to give II 
most careful attention to this subject, and that, wbare it a 
appear that farther works which may bo within the po« 
of the Council for the improvement or protection of rm^ 



may require, execute the necesHor; n-orks." 

Water companies, whicli although private < 
established by Act o( Parliament, seem to be spetially exempted, 
by the opening clause, from the above respanuibility. 

It haa been observed that careful attention to the points 
mentioned above would prevent the sickness and suffering of 
some 60,000 people every year in this country alone, and save 
some 4,000 hves. 

In a recent paper by Dr. Vivian Poore, at the Royal Medical 
Society, he states that the contagion of typhoid or enteric fever 
is contained in the excreta, and may gain access to the bodies 
of the healthy in drink or food or air. AVhea epidemic, it is 
generally through contamination of the drinking water, and 
sometimes through the water oE the milk find other beverages. 
Short records were given of 46 instances within the last 80 
years of contamination of public water supplies ; and in 29 
instances in which the figures were given the cases amounted 
to 10,486. Of the sources, 8 were streams and rivers, 11 were 
wells, 3 were upland gathering grounds, 7 were deep wells in 
the chalk, which were polluted by various leakages. Plumbers 
who attend to drains and sewers ought not to touch water 
pipes and cisterns without complete washing and change of 
raiment. 

With reference to the causation of typhoid from the soil, as 
by leaky water mains (p. 130), &c., it is known that other 
diseases, such as malaria, cholera, yellow fever, dysentery, 
tuberculosis and summer diarrhoea may originate from this 
Bource, and may be transferred to water. Dublin is supplied 
from a purer source than London (p. 148), but the gravel soil 
is more polluted by leaky drains, and typhoid is far more 
prevalent. 

However, at Buda Pesth, Draschke showed by elaborate 
statistics that unproved water supplies, and not otherwise 
improved sanitary conditions, were the chief instruments in 
lowering the typhoid mortality. At Vienna, the temporary 
re -introduction of Danube water wa-s followed by a rise of 
typhoid mortality in the parts where it was used many times 
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greater than thai in parte wliara the HkMhqoalkD viteM^ 
Bprings) was supplied. SfanOar eirldonea was gtvanfRnNffkib 
Bremen, Buda, Lemberg, and FtlnfkiKelMn« 

Maidstone Epidemic^ 1887^— Thte is a w^ f^ fc^i^ 
of culpable negligence in the ptroteetion of pffiifepi q| % 
supply, and of its conseqnenoea. FJopolaiian abool 84M0L A 
fairly healthy town on the Lower GreanMud, nith a n^rw lnAi m 
of clay. Death-rate in deoade preceding 1807t 14*M par IJ WflL 
as compared with 18-57 for the oocresponding a^vnga d &^ 
land and Wales. Typhoid, -077; "RngiM^^ and Wa]M» n7fib 
Water supplied by a company from apriDgB liaing in time 
districts— Gossington and Boarley, both chalk ; mjm^ Tarirfi^, 
surface springs, nominally in Lower Greensand, cnrar ^^^f d^ 
clay. The latter springs are said to be "doived from mon 
or less shallow sources in the Bagstone, which is H f t M ^ to be 
fissured ; the gathering grounds of some of them are eovewJ 
with hop or fruit gardens, which are heavily mazmrsd, and on 
which great numbers of persons are employed a( certain ■naaoni 
of the year. The land on which the epringe org siiuaied itm 
not belong to the company ^ who apparently have no conlral 
over the surface" According to the evidence of the manager, 
*' it hod never occurred to anyone that it might be expedient to 
exclude labourers from the vicinity of the springs, or to protect 
theui in any way," although ** on one occasion some petroleom 
which hod been spilt on the surface of the ground found its waj 
into the catchpit.** (See p. 92.) The storage reservoirs wen 
also liable to risks of pollution by surface water, and had not 
been cleaned out for two years, while the filter-beds were only 
used four or five times a year, when after heavy rains the water 
became turbid. 

Li the early part of September, 1897, a violent outbreak of 
typhoid fever, involving nearly 1,700 cases in about two months, 
and a total of nearly 2,000, suddenly appeared. Some of the 
above particulars are taken from the detailed report of the Local 
Government Board inquiry, lasting for eight days from January 
81 st, 1898, which, however, was not published in entirety till 
the following August. The official decision was that "on a 
review of the whole of the epidemic we have no hesitation in 
coming to the conclusion that it was caused by pollution from 
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the Fajleigh Bourcea. . . . The sudden and BimultEineoiiB oat- 
break over a wide area, and the rapidity with which the 
epidemic grew, cannot be accounted for by the existence of 
defective conditions of sewerage and drainage." Althougti 
" many of the typhoid cases in the borough were due to defects 
of drainage and eewcraga, with consequent pollution o£ the soil 
tindcrlying the town," yet " the cases of typhoid were confined 
to the Farleigh area to an extent which quite precludes the 
possibility of mere chance." Tlie percentagea of incidence in 
the tliree areas were, as to persona attacked: Cossington, O'Bfl ; 
Boariey, 0'97i Farleigh, 6-60; at the same time the most 
insanitary ports of the town escaped. 

The examinations, bactcriologiciil and chemical, were under- 
taken too late. B. typhosus grows freely at blood-heat, but 
disappears rapidly in ordinary water, starved out by the large 
numbers of common water organisms. It is true that it has 
been recently proved to be capable of living, under certain con- 
ditions, for one or two montbs or more, in soil containing orgauio 
matter.* But even here vegetation interferes with its growth. 
As the period of incubation of typhoid is fourteen to sixteen 
days, all the organisms that had caused the epidemic might 
have died or been washed away before the samples were token, 
Even 5. coll. which is much more robust, would suffer the sama 
fate. Dr. Waahboume found sixty colt per cubic centimetre 
in the Tutshom spring on September 21st; the infection is sup- 
posed to have occurred about August 17th, the outbreak about 
September 9th. Drs. Durham, Foulerton and Tew found both 
typical and atypical coli in considerable numbers. But Dr. 
Sims Woodheod, at a later date, November 5th, did not dis- 
cover lyyical, i.c., intestinal, coli, although a number of soil 
organisms were present, proving surfuce pollution. 

* Dr. J. Robertson, Medical Officer of Health, Sheffield, has found 
that during the warmer jaonths typhoid bacilli, placed in the soil, 
continued to multiply, this multiplication lasting apparently Cor at 
least 143 days. When, however, the cold weather come ou, and the 
soil was Icit untreated, at the end oE 181 days none were found. 
If various organic matters were added at intorvals, the baciUi lived 
through the winter, and were discovered after 315 days. Thesa 
experiments have been confinned by Dr. Sidney Martin, of the 
Local Government Board, 
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The chemical oDalyaes siiFTered under the same disadwalage. 
Dr. Adams hod oalouUted a "local stanilard" for the water 
of the diEtrict, founded on b. large number of analyses extending 
over a lengthened period, He hud formerly executed fort- 
niuhtly analyses, which would almost certainly have given 
warning in time of any dangeroua deviation from the normal, 
But from motivoa ot economy, the local authorities had ordered 
that the water should only be examined quarterly. The water 
company had no examination at all, " except when fresh 
springs were added," 

The analyses of September showed, in many cases, no great 
excess of albuminoid ammonia, but the increase in bordneEs, 
in phosphate, nud particularly in nitrates, proved that the 
ammooias hod been acted on by the soil. The chlorine was 
not high, a feature denoting fieeal, rather than urinous, con- 
tamination. 

Dr. Adams, in his paper at the Society ot Analysts, June, 
18Sti, attributes the epidemic to the long drought having 
crocked the loamy clay, go that on the falls of rain n'hieh { 
immediately preceded the outbreak, and, as is shown by his I 
tables, coincided with the maxima of cases allowiug for (he 
period ot incubation, the s-urfaoe pollution, from hop-pickers or 
Otherwise, was washed through the fissures into the sprinya. 
It is wet] known that typhoid and some other epidemics bavo 
usually followed on a dry period succeeded by sudden rains, and 
Uiis may very well be the explanation. He also illustrates and 
explains tlie effect on the ground-water level. He considers 
the "premonitory diarrhisa," which in this as in other coses, 
gave the first warning of danger, to be due to ptomaine 
poisoning by soluble products of the incubated bacteria, 
waslied through before the organisms themselves had time 
to be transported. It was pointed out that it might also have 
been caused by another bacillus (such as Klein's B. enteritidu) 
with a shorter period of incubation. 

In the conclusion ot tbeir report the Commissioners observe 
that, " the general order of the Board ot 1891 prescribes that 
the Medical Officer of Eeoltb aball inform iiimseU as far as 
may be practicable respecting all influences affecting or 
threatening to affect injuriously the public health within hie 
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district. . . . Section 7 of the Public Health (Water) 
iinpofics upon Burol Siuiitarj Authoritiea the duty of tnktng 
euch steps as may be neceaa&ry to aBcetiaio the condition of 
tho water supply within theic district." Tet it was stated at 
KfaidstonQ that " when analyses were made, and the water was 
reported had, no action was taken," also that " if the Medical 
Of&cer of Health visited the springs to take a sample, 1 
trespaEsing, and taking that which did not belong to him. 
So that we have, as costlj lessoas of thig disaster — 

1. Protection of gathering grounds, which as far as possij 
should be public property and free (rom hftbitations. 

2. Bight of access for inspection and for taking somplt 

3. Analyses at frequent intervals. A partial examinatic 
chemical and bacterial, undertaken once a week, 
useful than complete analyses at longer periods. 

On October 16th the reservoir, mains and pipes that hfUf 
received Farleigh water were sterilised with chloride of lime 
solution of 1 per cent, strength, the hydrants and house taps 
being left open until the reagent was running freely at the out- 
lets. The disinfection occupied forty-eight hours, and the 
system was tbcn washed out. No corrosion of the pipet 
observed, and all bacilli, except perhaps anthrax spores, which 
are not in question, would be destroyed. 

The Maidstone Town Council decided to promote Bills 
compulsorily acquire the undertakings of the water company, 
and iUbo to obtain additional sources of supply, but the scheme 
was rejected by the ratepayers. The expense of the epidi 
is estimated to have been over £18,000. 

King's Li/nn. — In 1897 there was a sudden cpidi 
typhoid in this town, with a general distribution of thi 
The water was supplied from the Oaywood river, rising fromi 
springs polluted by foul surroundings. Fiecal matters 
washed into the stream by the heavy rains, while the earthc 
pipes at the intake leaked freely at the joints. These pipei' 
were bedded in clay covered by heavily .manured garden mould. 
The " filter-bedfl " were really only straining tanks. The total 
number of oases noted up to the end of 1897 were 461. New 
waterworks nro in progress, supplied from deep wells 
chalk near Grimstone. 
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Worthing.— Tba oSoU report oa ths onllwk fat 1808 ghilid 
that the wfttet mpply wu oontuninated thxongb s llMim la 
the eballc which oonvejed Mwage matter to « now wall rad 
Bhortly before. 1,411 eaBea oooorred. Prof. Eellj oooiodHad 
that the water waa inieoted hy Ubonrera employed on the woib 
Kleia foimd B. eoli and tt/fhotiu in water bom the nufai. VItt 
the object of eleriliaing the pipes, thej were filled with milk ol 
lime, which waa allowed to remain for three or tarn da^and 
then washed out. It has, however, been proved hj "r"'" i M"t' 
on sewage that lime does not necesaarilj MS the lisiitiiili. bol 
merely carries them down, so that if any deposit wen left, ilug 
might still re-diffijse. Chloride d lime, as need at Uaidstaoft 
is far more eflectoal. 

Camborne. — The first case was notified on Deoemba Oft, 
1897, and during the month there were eighty other OIM* 
bosidea seventeen in the adjoining pariah of Illogao. Ths <a4] 
factor in common in those cases, which are diatribated ow ■ 
wide area, was that they were all supplied by the Cambonii 
Water Company, while no caae haa occurred in neighbooiii^ 
diatricta aupplied from a different source. Feriodioal '"*"'*-t- 
tiona of the drinking water were ordered to be made. 

Belfait: Population 350,000. — During 1897 an eiddemio d 
typhoid broke out in this city, and reappeared in 1696. In ana 
week in August, 1898, 100 fresh cosea were received Inlo 
hospital. Tho diseoao at first attacked only the nppei oImnk 
The cause of this was statod to be that the better houSM vm 
provided with cisterns, and the overflow pipea were freqiwo4] 
connected with eewera. The gathering grounds were e^oaid 
to contaiuination, but the water, as supplied to the pMpl^ 
appeared on chemical analysis to be para. Baoterltdoglaal 
exaniinatioQS were made of the difierent aonrcea, ftOtiTtt di» 
infection was carried out, and the inhabitants were instraolidli 
boil all milk and water before use. It was said offlobOj tfial 
" tho apparent wont of exclusive association with either khibm 
of water supply, and the foot that there has been a prfmlmni 
of fcvei for many years, point to an origin from m gananl 
fouling of tho Eoil." 

Carnarvon: Population 10,000. — These widespread oofc 

baka natnnkUy led to investigations as to the danger fai ottui 
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districta, since many towns drink water qoite as unsafe as 
Alaiil.stone, Hud only escape fever by mere accident. The 
sources of tbe Carnarvon water supply having for some years 
been eubjoct to pollution, Dr. 8. W. Wbeaton reported to the 
Local Oovernnaent Board on the subject. At the intake from 
the river Gwrfni, 6J miles ahovo Carnarvon, the water was 
screened through copper gauze, and then flawed directly to 
a reservoir, from which it was issued leiihout filtration to the 
town. The river received the whole of the liquid refuse from 
the village of Rhyd-ddu, of 150 inhabitants, besides the drainage 
from farms of bod sanitary surronndings, situated on a tribu- 
tary. The local authorities of tbe vicinity boJ failed to come 
to on arrangement as to a joint system of sewerage. Dr. 
Wbeaton doubted greatly whether filtration, as ordinarily 
carried out, would render snob water safe, and expressed a 
preference for a new supply from Lake Dywarcben, which was 
not then used tor any purpose. 

A severe epidemic of typhoid fever occurred in Philadelphia 
in 1899, there having been 4,880 cases and 400 deaths between 
January let and March 24th. This condition is consequent 
upon a defective water supply, and for more than fifteen 
years repeated small outbreaks have given warning of the 
danger. The water supplying the to«Ti wits drawn from the 
Schuylkill River, and was much polluted, unfil tered, and deficient 
in quantity. Protn the fact that the general death-rate was not 
increased in any notable degree, that children were chiefly 
attacked, and that tbe inoidence of the disease was so unevenly 
distributed, it appeared that the general sanitation was not 
satisfactory, tbe outbreak being partly due to overcrowding and 
defective drainage. The death-rate from typhoid fever in 
Philadelphia was 60 per 100,000 ; that of towns Eupphed by 
pure mountain spring water, e.g., Berlin and Munich, is 4 ; 
and of towns supplied from proper filter-beds, e.g., London and 
the Hague, is 8'8 per 100,000. 

London (see p. 121).— The London County Council, at a 
n October 13th, 1897, agreed to the following refer- 
" That it be referred to the Public Health and Water 
Committees to inquire and report whether the causes which 
have led to the typhoid fever epidemic at Maidstone have any 
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pEtrftllel ID the conditions of the London wntcr supply, ai 
what steps, if any, should be token to prevent the propagstii 
of the disease in London." 

Tho report was issued in 1899, and was untiivourablo to ti 
present supplies from the Thames. 

Although the typhoid rale in London is undoubtedly low, t! 
fever is always present in the area. Hence considerable anxie 
exists as to the security of the Metropolis against a widesprei 
outbreak, especially as the Thames and Lea valleys tumi: 
constant pollution to the river waters. In times of Sood bo 
rivers become turbid, and charged with the filth of all tl 
districts drained : then, notliing but efficient filtration Btan< 
between London and watcr-bome disease. And yet, even t) 
filtered water of some cotniianles is occasionally turbid. 

Neither the water couipanios who supply the water, n 
the Local Government Board who are responsible for i 
analysis, nor tho County Council, which represents tho 
who drink it, have control over the river — only the Tliaiii 
Conservancy — which h chiefly concerned with navigation. Tl 
County Council have not even the right to send to see if tl 
filters are clean. Yet there is no city in tho world where bui 
minute and incessant care is taken daily, and almost hour! 
to detect and report on the slightest deviation from purity 
its water supply. Si>ecific tests are often made for the presem 
of pathogenic organisms, besides tho daily bacteriologic 
examinations of the clear water wells of the companies. 1 
view, however, of the well-known fact that, in the prefont sta 
of bacteriological science, the detection of typhoid bacillus 
waters which have caused the disease, has only been cflcctt 
in a very few recorded cases, tho statement in the rei>ortM 
the Local Government Board that " the most minute mier 
scopic examination of the water as it reaches the intakes 
the various companies has hitherto failed to discover In it 
single pathogenic organism," loses nmch of its presumption 
safety. Moreover, bacilli of tho Coli group, at least some 
which are probably pathogenic, have been repeatedly found 
the water supplied by certain comiianies. When it is obscrvi 
in a report that, say, 98 per cent, of the bacteria have bei 
removed, it is possible that the 7 per cent, left in may eilb 
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have paEBcd through the filters, or ma; represent a correspond- 
ing percentage of water that hna actually not heen filtered. 
Some of the componieH run all their filtered water into a 
general receptacle from which tlio Baniplee are token for 
examination, go that a fault of the kind would be niaaked by 
on average. The onguilluls, cyciops, infusoria, and variou" 
dibrit which have on man; occasions been extracted by the 
micro-filter (p. 28) from Iho publio supplies could hardly have 
originated in the mains, which are dark : they could not nave 
escaped efficient filtration, and their presence requires explana- 
tion OS throwing suspicion on the efficiency of the subsidence 
and sand filtration. This proeesa, if conducted with great care, 
undoubtedly effects an immense reduction in tlie number of 
organisms (p. 187), whOe the mtenaity of infection which may 
arise from a. well or small supply is practically impossible with 
larger volumes like the Thames and Lea. 

At the same time, Shirley Murphy has shown that an 
abnormal distribution of t.vphoid in the part of London suppUed 
from the ThamcH has followed exceptional floods in tbe Thames 
valley. The legal power of constant inspection, of taking 
sainples, and of stopping a supply when tho arrangements are 
defective, is at present wanting, and yet is urgently needed. 
The powers and procedure would be Kiiuilar to those at present 
in use under Uic Food and Drugs Acts. Even with oU precau- 
tions, however, apart from the question of a, future deSoieucv 
in the Euiiourit of water owing to the observed progressive 
shrinking cf the Thames, London cannot be considered secure 
while drawing from polluted rivers. " Our only real safety lies 
in selecting a pure supply, and in keeping it so " (see p. 123), 

In December, 1898, unfavourable reports were issued by 
Mr. Cassal on the water supplied by some West End London 
companies. Sir E. Frankland hod reported that " owing to 
heavy floods and insufficient storage, the water sent out by all 
the water companies, except the West Middlesex, contained an 
excess of organic matter, which was, however, almost entirely 
of vegetable origin." Ccookes and Dewar's official analysis 
found that the "oxygen consumed" figures were for the 
Qrond Junction Company O'OTl grn. per gallon, and for the 
ChelRea 0063, wberoaa in September they bad been 0025 ; an 
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increase in December of about three times. Dr. Gorfield remarkc 
that this impurity during winter ia constant, and that eniati 
fever at the same period was unusually prevalent mnd fatal i 

London. 

The examples are numerous of local epidemlos being oanae 

by- 

(1) Disregard of regulatiom or waminga agaifut uam 
crude water. — Two instances may be cited. At the Ghioas 
Exhibition of 1898, the employees, numbering 15,000, use 
water sterilised at 100** C. by an ordinary feed heater. N 
diarrhoeal troubles were reported. But on a few oocasioii 
when for a short time unsterilised water was used, intestini 
troubles and even typhoid fever resulted. In September, 189^ 
a localized outbreak of typhoid occurred at Hamburg. It wa 
traced by the medical board to the drinking of raw river wate 
from the harbour, not^vithstanding the frequent notice board 
cautioning against its use. 

(2) The accidental breakdown of plant (p. 182). 

(8) Contamination in transit, — Besides the ezaznplea ( 
lealtago which have been described (p. 186), convictions hav 
been repeatedly obtained for bathing in public aqueducti 
notably in East London in 1898. 

The first and third causes are common to all systems, bnt tfa 
second is the peculiar weakness of methods attempting i 
purify polluted waters, which therefore, even wth the best appl 
ances, demand continual watching and effective scientific contro 

At a meeting of the Sanitary Institute in Msurch, 1898, altc 
a paj^cr on *' Water-borne Typhoid," by Dr. C. ChUds, tb 
fijllowing resolutions were passed as suggestions for legislation :- 

(1) All local sanitary authorities shall have free access t 
the water su implies — from source to distribution — ^which az 
distributed within their districts, whether the source and coara 
of the water so supplied be within their district or not. Tha 
the sanitary authorities provide for the thorough and regulfl 
inspection of the water supplies distributed within their districti 
and for the regular analysis of such water, as often as may b 
d<?eined sullicient, and that the results of such inspections am 
analyses shall be regularly recorded and published. 
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(2) Tliat the waterwoi'ks companies shall prepare and publith 
rucorils of their water supplies ; Euoh records containing a full 
oocount of every sonroe and tributary of the water supply', and 
a fall aooounb of all reservoirs, conduits, filter-beds, mainB, and 
pipes by which the water wliiuh they eupply is oollccted,iitored, 
or conveyed, to the houeeB supplied ; such records also being 
folly illustrated by maps, plans, and sections, showing the 
relation of all honses, drains, sewers, cesspits, and all deposits 
of organic refuse in the immediate neighbourhood of any part 
oE the water supplied by them, and that all auob records, maps, 
plans, sections, &c., shall be freely accessible for the purpose of 
inspection to the sanitary autliority within whose disttict the 
water is supplied, and to every customer of the waterworks 
company. 

(3) Tiiat tbc waterworks companies nhall be required to molie 
regular constant and thorough inapcctiort of all parts of the 
water supplied by them— from source to distribution— with a 
view to preventing wilful, careless, or accidental pollution ; also 
to make regular analyses of (he water supplied by tbeni, so 
often OS may be considered necessary ; and to moke and publish 
reports of all such inspections and analyses. 

(4) That waterworks companies shall be made resjionsible ■ 
tor the consequences of the pollution ot water supplied by 
them, it such pollution could reasonably have been prevented. 

(fl) That wilful or careless pollution ot any water supply 
shall be regarded and treated as a penal offence. 

(6) That authorities, representative of the intcrestB con- 
cerned, be appointed for each 'vatershed of tbc kiugJoni, who 
shall have the general care and supervision of the waters within 
each respective watershed ; shall take prompt measures to 
prevent any threatened pollution, and to arrest any detected 
pollution of any water] and shall be responsible for the due 
and effective administration of the laws respecting the protection 
of water within their districts. 

In several Water Bills reoenMy introduced, clauses embodying 
some of these resolutions have been inserted, and new water 
powers will probably not bo granted in this country without 
similar protection being legalized. 
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Northampton Sands contain ironstone, and the water is fer- 
ruginous. Deep wells at Gloucester and Cheltenham are 

they are gypseous, but not often saline. Some springs in the 
Mendip Hilla are good and copious. Oolite waters of York- 
shire are much softer than those from the southern Oolito. 
Usually Boid and loaded with mineral matter. ar 
I Waters of fair cuinliiy ivhero not medicinal. ^ 

The Rhattic includes the "Bone-bed," giving ill-flavoured — 
therefore peculiarly apt to develop organisms. -j 

When cut oB locally by thin beds of clay or hy olay-Glled S: 
faults the Bunter Sandstone yields eicellent water, as at Y- 
Wolverhampton and other places. More rarely good water 
is ohtained from the Kouper. But, as a whole, the Trias, 
being a marine formation, including deposits of aypBum, 
rock salt, and oilde of iron, yields water unfit for drinking 
on account of its saline constitnents (analysis, Table A). 

The Lower Keuper nearly always contains water and is 

many private deep wells of very good quality in the Trias 
and Permian rocks. 
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Faunh Edilion, Reviud. Royal iSmn, sironely bound for pocket wear 3/a 
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THE WATER SUPPLY OF CITIES AND TOWNS. 

By WilluhHumber, A. M. Inn. C.E.. si.dM.lnil M.E.. Aulhor ofCui 
•nd WioushI Iron Briilei ConoruciiDn." &c., &c lUuitratnl with ;d Double 
PUla. I single PiDie. Caloui«l Franu>|Uc«. and apwudi nf ijo WoDdcuti, 

buir-bound in nicMiKco ' . . . ffrl £S S*. 
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HYDRAULIC FUWHK LNQINEERINQ. 

A Pruclical Mnnud on Itc Conccnlnlion ind Tn 
Hydraulic MachinBy. By G, Ckovdon H 



CI [H;iENTS,&FORMUL-C 

. '>..r.i:»,NDichFi,Wc]n,Pip«,ind 

...i I.i<:nirid Infomialion on Rain-tkU, 

>Tr»ec, Wsici Supply for Towm wid H[ll 

:;i»ii EngiuMi, M.R.I.A. Third Edition, 

u lUuHrllioni. Cnnvn Bvo, d«h . 14/0 



HYDRAULIC MANUAU 

Cixuiiline of Working Table) and Eiplanai 
Hydmulic Calculaiions and Field Opeiwi 

Author of "Aid [0 Suivey Ptaci'" 

Ediiion, Enlarged. Large crows B 



e«. tnlendeduaGuideb 

By Lowii D'A. Jacks™, 

Modero MelioloEy," Ac Yoaitb 



WATER ENGINEERINQ. 

A Practical Treuiie DO ilie Meauireaieol, Sionge, Conveyance, and Ulilisa' 
QunarWateTfai itic Supply ofTowns, for Mill Fowec. and for athei Puiposai. 
By C. SuiiG, A. M. ln>l. C.E. Second Ediiion. Crown Svo, clHh . 7W 
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Including numBom Fonniilii;, Formi of SpttificxtrDii and TendB, Podul 
Diu-un at Karen. &c F<» iIm uk of Civil and Mioini EnEinem. Bt 
C. F. Cduhtkkv. M. Inn. C.E. >vo. dolh. [Jiut PiMulud. SIO 

RIVER BAR5. 

The CuiKS ef thur Fonnukin, und ihcir Tiutintnt by " Induud Tidil 
ScDUi"; with > Dacripiion of the !iu[cc»Iiil Reduction by ibii M«li«t of 
Ih< Ku u Dublin. Hyl. I. Mahh, Auiit. Eng. id [be Dublin Pan lod Docki 
Board. Rny»l 8vo. clo<ll 7/8 

TRAMWAYS: Tlti:!!.; CONSTRICTION AND WORKING. 

EbiL.:.. .: S^>t«i,: «ilb an Uhliutin 

C^ir'l.i. . i i P.^-ciiplLn ^f"iht''vK\eti^^ 

Rullii.K ^^ ..<..: " . I' I.'..' I ' ■ ■ :mu1 A'ottiihg Llpenieo. New 

KdituH], TboioiiKljJy Kr^Kodn njid lni:]iidiite the Prognu reccntLy mtit In 
Ttiuiiwiy a.ii>iiw;<iuii. &c., &C By U. kiMMLAH Clakk, M. Iiui. C.K. 
With40°llli>uFVloni. Svo. 78° pp., buckiui. IjHt FMiMkfl. 2BI0 

PRACTICAL SURVEVINQ. 

the Cronies. Uy GKoic^yf^'lsi." A.MA.C.K. w[ih" Plus md up. 

Tnngem, Secanli. &c Cnm 8vo, clMh 7/8 ; <r, on Thik P*rM, If«he^ 
gill edgen, foi poclc« ute IS/8 

InhtttM al^ rta U :**..,-^^ ^r-^- 

" Tin iunt Imliv lu iIh Horftlli iMiguin on MiTve 
tiV that the Audeu wUl hid^ It a beaut |ut3e Ilbiti jui; 

HNQ WITH THE TACHEOMETEB 

cticat Manual Tor the uuorCivll ■ndUiliurvEilgiL.. .. 

^ for the ReduclioT 
KendinKi in IKiagwmtl and m (;enteiuual u^reea. By Neil Kkhhuiv, 
M. InsLCE. wrtb Diurunt ud PUlet. Demy Svo. cloth. 

WulJ'-l/sii^. JttllOie 

AID TO SURVEY PRACTICE. 

For ReTeienct io SurvcyinE, [.:evelUng. and Setlini^ui: and ui RotUe Su- 
vey> of Tniellen by Und and Sea. ft'iih Tables, niusttuioni, ukI Recordi. 
Jly Lowis D'A. Jackboh, A.M.I.C.K. a>o, cloth . . taiB 

A^Ri^btetuiiplameiif RilhaidaeMng of 1b> aierHnpliihHl H,t*vTor."-rffVq*r.M. 
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BNQINEEK'S & MININQ SURVEYOR'S FIELD BOOK. 

ConsIuEng of a SEtles o( Tibia, wilb RuIh. Kipliniuioni of SyilEms, anil 
UK of Thwdolilf for Travi™ SurMyini uid ploiiing iht work wiih minule 
' ~ ' t» Edge andSd Sqiun aa\y ; LenJIini ' 
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in the ordinftry maruier; S* ' 
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irw Lrreli lo Duum, and Plouins Sicuoiu 

SettinE-cHii OjTVBt with Um THodallle br TiuieRitiiJ 
--■- '■^'-— "-ft-li*ndRe«iinnoflheliiimiin=nt: 
IbQ System of Timeefictd Aji^a 



ind OOieu : uid Eanhiniik Tiblci u lo fed deni, olcu' 
indiet in deptli. By W. Davis Haikou, CK. With 
II. Founb Edilion, Enluccd. Clswn 8vo, clolta . 1S/0 
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LAND AND MARINE AURVEVINQ. 
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Rimj, Town,' W«« Snppl 
and Uk of Suivcying liiiirun 
E<Uli«, Reyeied, wiU) ' ■■ ""- 
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PRINCIPLES AND PRACTICE OF LEVELLINQ. 

Sbowing hi Application to PurpmeA of R«lway and Cinl Enginecri 
tha Conuiuclion of Roads; with Mi, Telfoio's Rula for the iaine 
FunanicK W. SiHKS, F.C.S., M. In,!. C.E. Eighth Edition, will 
■ ■■ " in of Law's PraclicaJ EiamplQ fo " " ■ " '' 

■ — _i^ n :-, of Laying^" 



«ing-oul Railway Curws, and 
ireubu Curm. With 7 Platta 



AN OUTLINE OF THE JVlETnOD OP CONDUCTINO 

A TRiaONOMETRICAL .SURVEY. 

tuy 'Reconn^Jul^"c^, Le'I^^LING, &i:.°'w>lh Uxful ^blemi. Tmnvlti 
ud Tablea. By Lieut. -General Faous. R.G. Founh Edilion, Revised and 
panly Re-wrilten by Mwor-Genaal Sir Ciiarlu Waiheh. G.C.M.G., R.E. 
Wilhi9PlataaiHlii;WoodcnD,toyBlgvo, clotli .... 16/0 



TABLES OF TANGENTIAL ANGLES AND MULTIPLES 

FOR ^eTTiNQ-OUT CURVED. 

From 5 10 3<» Radius. Uy A BlAIELBV, M. Intl. C.F.. 6lh Edilion, 

nrvn. ,mu on JO m in c o "i/l^p^iifiuj. 3^ 

'- Vny biiuli . • nui out know lUI ill bl> dii inrk nun hlTan nu nf um cmi&. iAIi* 
ka [BB biu Ml on cinl-cait vul !•■'•• Ue fol tKMnL-—Aatmn.m. 

ilANDV GENERAL EARTH-WORK TABLES. 

Ginng lbs Contents in Cuhii; Vaiiis of Centre and Slopa of Cuuingi ud 
Meet Oiain or ioo_ feel Chain. By J. H. Watso'h b'uci(,"m.'|'iui.°C.E. 
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GARTHWORK TABLES. 

Sbo>in| ihe ConlHiu <n CdUc Vauli of Enbinkmau, Caltiaft, ftc, of 
HdEbu or Dnihi up to on annge at So led. Ry JlHirH BlHMDBIHT, C S., 
ind FaAHCia CAHriH. C.E. Cnnm Iro, cloth Q'O 

A MANUAL ON EARTHWORK. 

By Alex. J. S. Gulkam. C.E. With tiumcTDUt Diignnu. Second Edliioa. 
iSmo. cloth S/6 

THE CONSTRUCTION OF LAROE TUNNEL SHAFTS. 

A PrMiial uriil Th««tic»l Eu»y. By I. H. Watjok Buck, M. Iiul. C.B., 
RsUlint Enginnr, L. and N. W. R. Wtlh fMiag Plato, Bvo, dolb 12'0 

'-Will bt rrfinlMl b* dril nvfawiH h of iM niml nMi nd cukulutd to Ian imiiik 
IhM iM obiUta mini rnlfliliK "— Ci/ZtfrftMnn^ii. 

CAST ft WROUGHT IRON BRIDQE CONSTRUCTION 

¥L Complcie and Pnclical TreauK oaf, indudinc Iran FouniUiiDiu. In 
hrcePails.— Theomial, Pikctksl.uldDDcriplivK ByWlLLIAH BUHIR, 
A. M. Iml.C.E.. and M. Inil. M.E. Thiid Rdiiion, nyited and niicta im- 
proved, mlh IIS Doublf Plala(9a at which now lint appear in Ibil edilioa), 

mo™^""!™*. ."™.'".'.". ".' . ■ !'"'^/'3to I'Ol. B^ 

"Mr. Hombaf't HUiJr mka^a, lanl}^iued-4n khkh iha ibdh baponant bddiH 
■lactAd duitnf tha liH An j^an.^ UDdat Iba dlrtctliHi of (ba Uta Mr. Bntnl. Six W, Cl^llL 

ESSAY ON OBLIQUE BRIDQES 

(PtacticaJ and Theoreiii:*!), With ij lane Plaiei. By the lau Cimgk 
Wktson Buck, M.I. CE, Fourth EJilian. nvued b^ bit Son, J. K.WAnoH 
Buck, M.l-CE. ; and with the addition of Docnplion lo Dianuu for 
FiLciliiuingthECani>Inii:liaiiarObli<iucBiid|ei, byW. K. Babluw, M.l.CB. 
Royal 8vo, cloth 1 2/0 

THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Ptsciical Truti» on). By John Hart. Tbitd Edition, with Plala. 
Imperial Bvo, clolh SIO 

GRAPHIC AND ANALYTIC STATICS. 

Pie'n^d olh« FramewSk" ^T"Hir'DSOH f^AMAM, CE." C^nlain'ine 

Univtniiies. Second Ediiion, ReviKdud Enlvged, Svo, cloih , ISfO 
" Mr. GnbiTD'a book wUl find « pUc« wlutmvcr papJtb: ud anatytic DUaict ue laed at 
BlWttad."— AfV>Mivr. 

" Tba aiqrlr ti eiceDnl rVom a prarUul potait of view, and baa evUvrily boaai pnijaiad 

WEIOHTS OF WROUGHT IRON ft 5TEEL GIRDERS. 

A Cnphic ruble for FadlimiinE ibc Compulation of the Weighu of Wcouchi 
Iron iLFid Steel Girden, Sk-, for Parliamentajy and other Eaurmtta. By 
J. H. WAIiaiiBucic, M. lutCE. Oaa Sheet 2/6 




PRACTICAL QBOMETRV. 

Far Ibc ArchilKt, Enginttr, and Mnhwic Giving Rules For the Delineuion 
e! W. ^a'kk.'m.A., Ar^iwcl. "vo.cloih '""■ '*"'*'' 1" .^^T Bli 



THE OEOiWETRY OF COMPASSES. 

CoiourEd Diagnnu juid Srmbols. Xy Ol.IVEB 



HANDY BOOK for THE CALCULATION OP STRAINS 

In Girden and SimLbi Sinictares and iheir Sirength. ConMtin^ of Formnla 
uid CorrcMoadinfl DiBKruns, with nmncrofli dcLJiili lot PracticftJ AppTia- 
lloD, &e. By W.tUAii HuliiHB, A. M. Inni.CE., &c Fifth Kdilioo. 
Ciawn Sid. with nsuiy ids Woodoiu and 3 Plun, doth . . 7ia 

BtttUlk MMIUHU. ~ 

TRUSSES OF WOOD AND IRON. 

Determining the Btie»ei, Btealunl 
■eiiiilK of ConiiTuclion. With Cotnpleu 
iFK.THs, Surveyoi. a™, dolh. 4^0 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Ptaciicul Remark, on lion Conit ruction. My V. W. Sheilds, M.I.CB:. 



A TREATISE ON THE STRENGTH OF MATERIALS. 
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■re udded, Kmerimenu by Hodgiiii.j:j[.| rnouiini., uiu nn 
FoimulB iat calculating Glrden, &c. Arranged and Edited by W 
A.M.lnsi.C,E. a™, cloth iafO 

SAFE RAILWAY WORKING. 

Keriplion of Modem Appliar 
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EXPANSION OF STRUCTURES BY HEAT. 

C.B., late of the Indiui Public Woiks Depaitmcnl 
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MARINE ENGINEERING, SHIPBUILDING. 
NAVIGATION. &c. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK at Connulie. Rul«.iiid Tsbles. and Muinc EngitiKr'i and 
Sur>;yuii Haiidy Bock a( Rclaraas. By Cleuint Mackkuw, M.I.N. a. 
Scvenih EdiLioo. ;» pp., witb 300 lllastmioiu. Fcap.^ Icuher . 1 S}/6 
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WANNAN'S MARINE BNaiNEER'5 GUIDE 

ToBovdofTrndE Eiuniiuiiuni (be CFrtitkimorCompetEncy. Conlunini 
it) Liteu guutiani 10 Due, wiib Simple, C\ao. >nd Coma Solmtoni ; 
ElemcnUiy and Vabd Questions nnd Aniwsn: complfU Set of Dnwingi 
"' impkled. BTA.C.WAHH>H.C.E.,>ndE. W. I. Wahhjih, 
-■ ---■- iLa EBg[«ving». Ciown Bvo, 370 pp.. 
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WANNAN'S MARINE BNOINEER'5 POCKET-BOOK. 

Coniunini Ihe Liien Boird of Tndc Ruin inA Diu for Marine Engbieen. 
By A. C. Wahkxh. Seond Ediikm, cuETiilly Revised, SquiiK iSme, with 
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THE METAIXUROY OF GOLD. 

A Pnclickl Tiauiie 00 the MauUiuikil TnUment of Gold-baiinf Orl 

ItidudiDK Iho A&uyinE. Meltina, AoB RoAi '" " -' -^ ■ * "-- ■• " 

Mming EngiiHsr. A.I.M.E., Mcrabci of the 
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DIAMOND DRILLINQ FOR GOLD & OTHER MINERALS. 

A Praciical Handbonk on Ibt U« of Modern Diimond Core DrilU in Pru- 
sptcungandE.ploiliiig "" 




FIELD TGSTINO FOR QOLD AND SILVER. 

A Pnclkal Muu] Tor PnKpcctm aiul Hincn. Uy W. H. MKiiit 
U.N.E. Inn. M.E., A.R.S.M., &c. With Phoiii(iiiphIc PUwi wx] <] 
lllunrukoi. Fcap. Bvo, leatbn. \Jmit Pubtlilttd. Nit , 
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THE PROSPECTOR'S HANDBOOK. 

A Guide for Ihe Prupector uid Tiavillcr in leaidi of UEUJ-Bearine or oilier 
Vaimhle Miiend!. fly I. W. Aiin«Bscs, M.A. (Camb.). F.R.G.S., Aulbor 
of "Fiji and Ne<v Cilsdomi." Kghih Ediiion, ifaorangbiy Reviied >nd 
nucb £nluged. SnuilJ crown Svo.cloth. 316 1 ot, bauhei, pockei-book farm, 
— "■'■ ■■■''- [/ul PubliiUi. 4(6 
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THE METALLUftaV OF ARaENTlPEROUS LEAD. 

A ttKBol TitBMoa >k( SwihiBurfSUwr-LilOimndihrltifcB^ol- 

DwciijiiiiuM nf M«Jb« ^i hini FcnmiBi] PUnts in Sonoc sidAanca. 
Byll. KiBm,M .K„ABt Wrf"TTKHaaUigpB(Gold."fc. Cnrnt^h 

METALUFER0U5 MINERALS AND MININO. 

Br D. C- Datid. F.G.S.. Minii« Efwiwr. Siith BdiiioD. DKnogUT 
R««iMd u>d mdi EnUrfol bj Ui Sob, E. Hsvit Duibs, U.K., FTG^. 
taaap^ niib ir^ IDimrBaoas, Lv^ cidvb Ivo, datb 

MACHINERY FOR METALLIFEROUS MINE5. 

A PncfJoU Tre*tK lor Mioinc Enfwcn, UculliB^bCL wi ^luufn dI 
UbicL By E. Hkmit Datibs. M^. F.G.S. Cnnru Sro. ^ pp., *iih 
npvanli or ]CD llliulnlkiu, clolh. IS/fl 

Tm i»ii» Iiiil BrbfpatfcMia^aaRana* csoBKni] Mtt £7^ikisfi •a ba«£IS 

BARTHV AND OTHER MINERALS AND MININO. 

Bt D. C Da'iis, P.C.S., AdiIhi of " UctAllifcniui MLnenk," Ac Tfand 
Ediiiod. Riviicd ud Eiiluialt>Tl>>>Soa,E. Henh Davibs. H.K.. r.G.S. 
Wiib About m lUnnwiofw. Crown «vo, ckKh 19/8 

BRITISH MININO. 

A TrcAtlw on tbc History, DiiCDwy, PndicnJ Dcvdapncnl, And FotBrt 
PioipKU <A McuJIiren»s Mines in the UnilEd Kmgdoiu. By Roanr 
HtHT, F.R-£m kAic Keeps of HininE Reconli- Up^ftiE of o^ pp^ wiib 
>» lUiuuaiiDiu. Soand Edition. Snuod. Snpa-n^ In, doili j£2 3*. 
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POCKET-BOOK FOR MINBR5 AND METALLUROISTS. 

Cocnpriiine RulH, formuliE, Tablu, aod Nolu Toi Um in Field and ORia 
Worli. By F, Da«v»>., Powbit, F.G.S., M.E. Second Kdilion, CorrM.td. 
Fcap. Svo, Imho. [yu( l^blislitiL 010 



THE AllNEIt'5 HANDBOOK. 

A Hindv Book of RErenim on Ibe Mibjsx! of Mineul Otponti, Mining 
OperaiiDiu. On Dressing. &c Far Ihx Utc orStudenu and oAcn iniereucl 
in Milling Muttni. By JanH Milne, F.R.S., Frola:^ at Mining in ibe 
Imp^ri^ Uninrsiiy of Jiiho. Rented Edition, Fap. 3ra, Imhei . 7J8 
-FmUBKr Hlbisi »«Hl»iil. U .u™ i» M »cclnd -i(t &™i. 67 •« CMUUsMd Mm 

THE IRON ORES of OREAT BRITAIN and IRELAND. 



uid Worting Tbitm. With I Nolice of mir^ of Ibc Iron OrM of 5p»in. 
;. a. KiNDALL, F.G.S., Mining Engineei. Croon »wa, dotb , . ' 
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THE COLLIERY MANAUHk'S HANIJUOUK. 

A Comimhnuin Trialiw on ibr Loying-oui and Working of Collieriet, 
„._= ^ .. , =._,. _,„ .r ,._ "M^-y Managen, md for tbe U« of Co.! 
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Mining StudeDU preiMiiiig far Fint'cUia Certilicuei. By Calxi Pauklv, 
Mining Eaginecr Bad Sumyis; Member of the North of Kniland lottilule of 
Mining uiiTUrchiuiical EngirieerB ; and Member of tbeSoutl WaJet Institnll 
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QRANITES AND OUR ORANITE INDUSTRIES. 

BtCbohu F. Hauo. F.C^ Uonbn d> I> SocMU Bdct *• GMboi, 
L«nrn«>E«»inkGaik«railbt BiriibKk Ii>B>RBHn,<K. Wilh ISb. 
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ELECTRICITY. ELECTRICAL 
ENGINEERING, &c. 

SUBMARINE TELEQRAPHS. 

Thcil HUlory, Constnictian. and Woiking. Fmndcd in pail on WIjhkki— 
Botirr'i. " Tmxl icTtltgnphK Soui-Msrine," ud Caii>piJ«l frDm Auihoriu. 
livi uid Extiiisive Soutim. By Ckailb Bucht, F.R.S.E. Sopet-niy»l 
0VO| About tBo pp., folly lUmttotvd, mdodina Mbu uid FaldJnE Plafq 

(7iuf Fni/Bit^ StI £3 3s. 




DVNAMO ELECTRIC MACHINERY. 

lis Coiuiruciion, Dr^iini, and Openr[on [Direci Ciiirent Mochinn) Uy 
Rauuhu S«ki-i>on, A.M.. Pb.D., aisisftd by H. Mawjn, B.S- Semnd 
Ediiicm, RcYijicd. L.-irEe cio»n Bvo, d«h. Wlh idi illuunxionv 

Xjuti p,^ihiud. Nil io;b 
THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Coiuiitini oi Modern RuIei, FonanlB, Tiiblei. and Dau. By H. R. Kbupe, 
M.Inw.E.E., A.M.InH.C.E., Tedmieil Oflicir Postal TtleEraphs, Au.ho- o( 
"A Hvidbook of Eleculcal Texmg," " Tbe Eogmca's Yoi-Booli," &c. 
Second Edition, Ibotoughly Riiitcd. with AddiUoiu. With numeraui lllui- 
uaiionv Royal jiniD, oblong, leather S/0 

ELECTRIC LIGHT FITTING. 

A Handbook foe WockinE Electrical Enpnaen, embodying Praciital Nolei on 
InKallalion Mamgemmi. By J. W. Uieijuhaiit, Blecltidiin, Aothot of 
" Elcctrk Ljgbt, &c Wiib auiDsoui llluitraliont. Tkird Edition, 
Rcriied, wlibAdditiou. Crown Bvo. cloth. [Jml Pfbliilud. S'O 

ELECTRIC LIGHT. 

Iti Froduciion and U». Embodying Plain Dir«li«u for the Tceilmcnl of 
Dynamo-Electric Machineil, BuieneSH AccumuJaiors, and Electric LanpL 
By J. W. UiiguM*«T, C.E. Siitb Edition, Revised, with Addition, and .« 
llluitrationa. Cro-n Syo, doth. [J«( /'■WuW. T/fi 
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DYNAMO CONSTRUCTION. 

A Practical Handbook for the U» of Eninnea.Coiutnictnra and 
in-ChuEi. Embracing Fnuneworlc BuSdinE. Field Munei ai 

Edition, Enlarged, cfrown 6vo, doib ..... 




ELBCTRK UaiTT FOR COUKTRV HOUJE5. 

■ok F^iftoT i(iW C« tf ^H Mil 



ELECntIC UOHTINa (ELEMENTARY PRINCIPLES OF). 
DYNAMIC ELECTRICrrV AND MAONETISM. 

B( PsiLir Anm«w. A.U.. Ph.IX, Aabor ^ ■■ Bhwn if Sn^ 
ElccDkilT,' Ac riii»iliii. iij ]iii iiiili III! IBniminii. iriii> . IQrS 

POWER TRANSMITTED BV ELECTRICITY 

And app&d far Ibe Elecmc Mour, LiKloriinc ElKirii: RiilnT CaainiKiiiB. 
Br P. ATsmoB. A.M.. Ph-D. Wiih 96 lUoatuidii. Cton In^ doik 7/S 

HOW TO MAKE A DYNAMa 

Deullftj Irmnicuau for CooHraaiiig « SiulJ [>jnuBD _, , ., 
Elecnk LicbL Bj Altub Cmm. Siith Kdilkio, Reriied and 



AltCHirECrURB. BUILDING. &< 13 

ARCHITECTURE, BUILDING, &c. 
PRACTICAL BUILDING CONSTRUCTION. 

A Haadbook Tsr Stodniu Prcinrini Ibi KcaminBlioiu. wu! a Book of 

SumyuT. Leciuicr on Huiliting CulultMnioll u ibe DuihuD Collcgd qF 
Sdinu, Ncwcutlc-on-Ty<ia. Third Edition, Rcviis] and EnlaigEd. 
Mwllani Svo. ijci pp., with i.acn Illiutnuiau, clotb. (Jul Pabliihtit, 7Je 

PRACTICAL MA50NRV. 

A Guide 10 the Art af Stone Cutting. Catnpriiing; ihs CaDUmOion, Selling 
Out, and WDrkioE of Stain, Circulu Work, Aichu, Nicho, Duidb. Penden- 
tiw, VauJl-s Tracery Windows, &c., &c For tlw U^ oTStudcnu. Muocu. 
mdothei Workmen. By WtLLiAK R. PuncftASK, Budding ln>pecior to tbc 
Boiougb or Hove. Thinf Edition, wiUiClwHuyafTemu. RovilivD. ijipp., 
with ]i Lillwgripluc Pluei, compriiing neu-iy 400 Kpann Dutgnmu, 
clolh. \JiHl Fnilutrd. 7/B 

[|ihlsp<»ui>l*ub)<ici.<ili«Ii>iiIwo^ladTOtprudi:iUj. Idost oT lU iiuiiplaEim in bun 

potlfrdi [1 ibDuld he l^qd at tCB\*r^Ztmy to uchlEvriunl irudcnti uvd dUieit^ u kcU u la 
tboH 10 wbom 11 1B tpecUlly jidd ieM ed. "—yttTnal t^Ae Hajral /HSIVtn w^ BriHjA AnHUnta. 

MODERN PLUMBING, STEAM AND HOT WATER 

ME ATI NO. 

ind *" BldUli!^ By J. jTl.(wleii, Aut'hor'or " Americiio Saniinry Viuniblo"'* 
&c. With 9B4 lUmtrBtloni nod Folding I'lttlQ 410, cloth. 

Uml PiMUlu^. !ftl 31/- 

HEATINQ BY HOT WATER. 

Wiib Inrotmuion ind Suggalioni on the beu Meibsdi of Heating Public. 
Pri™ie«id HonicuUumJ HulldLnp. By Waltbb JoKB!. Second Edillon 
With gfi illuKTiuioni, crown Svo, crolh HU 2/6 

CONCRETE : ITS NATURE AND USES. 

A Book foe ArchilecU, Builders, Contiioiort, and Clerks oT Worki. By 
GiDBGiE L, SoTCLirrl, A.R.I. B.A. 350 pp., with Dumeroiu Illiuliationi. 
Crown Svo, doth 7/B 

LOCKWOOD'S BUILDER'S PRICE BOOK for 1901. 

A Corapiehensive Hondbook of the Lueil Pricts and Data for Buildm. 

Greatly Enlaignl. By Fkahcis T. W. Millii, Boo dm^ly-uiialed paiet, 
ctown fivo. doth 4/0 
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CARPENTRY. TIMBER. 4* 



HANORAILINU COMPLETE IN EIQHT LESSONS. 

Ob the Sqnare-Cul Syiiem. Br }■ S. Goldthoif. Hod of Bui 
DcponmuK. HiJUu Tcchnicil Scbool. With Eighi PWu ud ova 



Pneliul Ejkhuo, 4I0, dah . 



TIMBER MERCHANrS and BUILDER'S COMPANION. 

New uid Coplout Tablu of tbc Reductd Wei^fat uid Mtuure 



burgh Standard Hufldred ; 



" UiKti Ftm ID lay givtn Prici 
- - of Square TL 



.- lav given Price per Load of ;d Feel. &c., &c. By William Dowiinc, 
Fmirlh Kdilion, Rcvixd mid CoR«t«l. Crown Svo, d«h . . 310 

THE PRACTICAL TIMBER MERCHANT. 

A Guide (or Ihe Uh Df Building Coatiadlon, Surveyori, Builders &c., 
comprising luaTuI Tablet for all puipcoei conneaed wilta Ihe Tiiubei Trade, 
Mario or Wood, Eiuy on Ihe Sirengih of Twbei, Remul» « Ihe Growth of 
Timber, &c. By W, RicHAitosoH, Second Edition. Fcip.Svo.doih . 3/a 

PACKINQ-CASE TABLES. 

showing ihe number of SupeHidBt Feet in 



r, Timber Biolier. Third 



QUIDE TO SUPERFICIAL MEASUREMENT. 

:hiiectf. Snrveyon, Engineer, Timlie 



PRACTICAL FORESTRY. 

Hnaceiiient, ei ite Collrge of Atriculture, Downlon. Seccad Edilion, 
Rnucd. Cwwn Sro. duh. [Jul PmliUtlud. 3|0 



THE ELEMENTS OF FORESTRY. 

DBigned 10 affonl Infoimaiioo concming the Pluming and Care of Fonai 
Trees for Ornament or Protit. wilh suEgesIiani upon Ibe Creation and Care of 
Woodlands. By F. B. Hough. Luge crown Svd, cloth . . 10/0 

THE TIMBER IMPORTER'S. TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD OUIDB. 

By RiCMXBD E. GlUNDV, Compriiing :— An Analysis oT Deal Sumlardl. 
Home and Foreign, with Comparative Values and Tabular AirangemeBti for 
fiibg Net Landed Cost on Baltic and North American Deali. including all 



CROSBY LOCKWOOD «• SON'S CATALOGOB, 



DECORATIVE ARTS, Ac. 



5CH00L OF PAINTING FOR THE IMITATION OF 

WOODS AND MARBues. 

Ai tuiElit ind PrictuKl by A. R. Van dki Bdkc (hil P, Vhh cm Bu>e 
Directon of Um RoucnUm Painiine liuiiulkin. Royal folio, rl^ by i>| in, 
lUmunltd wiih>4 full-sK Calaaml PIeu ; alio ii plaJn Plucs. omBruhii 
iS4Pwui«' Third Edilion.cloUi. l/iut ruiliUu^. £1 Ha. So. 




ELEMENTARY DECORATION. 

A Guide la ihe Simpler Fonm of Evconliy Ail. Togiihcr >^Ih PRACTICAL 
HOUSE DECORATION. By lAMts W. FiOtv, Wiih numeroiu Illai- 
iraiiodi. lDODeVol.,iu™glytiJ(-l»und S/O 

HOUSE PAINTINO, QRAININQ, MARBLINO, AND 

SIQN WRlTINa. 

A P™ciic=l Manual or. By Ellu A. D.viQsoN, KinUib Edllioo. Wnh 
Colmimt Plata and Wood Kncnvingi. iioia. cioih boatdi . 



THE DECORATOR'5 ASSISTANT. 



s;s'i«^ 



MARBLE DECORATION 

And Ibe TenninoWgy of Brititb and Fi 
Siudenu. UyGaoitba H. BLjk<;Ho 
iwa," Ac Witli 19 muunuioiu. C 




DECORATIVE ARTS. Sv. 



X, ftc, &c, for Ih* u_ 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Coiin HuHl. Enpouinf, Tusciti. Riband, Gotbic, Kuilii:,' and ArsbcsquF* 
viib levvro] Oriflioal Dcsii^i, and an AruiyaJt ol (Ue Roman an>l Oi-t Efreb^h 
AIpbabelK^ laj^t and HBall^ and Mumenll. fu ihe uac of Diau^htsjiiFfiH 
Suimron, HaiocUt Decorative Pjvmerft Lilbograpbm, Kngravcr^. Cwt^t, 
*t CoUaawl and Engraved by F. Dblahotth, and nnnlod in C"lL.ut%- 
New and Cbeaper Edition. Royal 9va. oblons, ananiEDul boanlt . 2'fl 



MEDI/EVAL ALPHABETS AND INITIALS FOR 

ILLUMINATORS. 
By F. G. Dkumottb. Conulnmi >i Plsiei and IllDiDinunt Tlili 
in Gold and Colom. Wiih an livLroducciw by J. Wili-ij Bioou. 
and Cheapo Kditioa- Small 4(0, ornamenlaJ boards 



A PRIMER OF THE ART OF ILLUMINATION. 

Foe Ibe Uk of BeiimiEn ; witb ■ Rudimmwy Tiuuiaegn ihf An, Futiiol ' 
DuKtioni for iu KaerdK. and Eumplea lalien horn ItluDinBled hISS.. 
uinied in Gold and Coloun. By F. DEUtHom. New and Cheaper 
Kdiliop. SiuaU tin, amamenul boaidi 6'0 




THE EMBROIDERER'S BOOK OF DESIQN. 

.nblema. Cypbeit, Monuciamt, Otnj 



Enblema. Cypbeit, Monuciamt, OtnamcniaJ Bnrden, 
■- " lul and Mnlen AlphabcD. and NaUiinal 



EmlilTint. Cullecled liy F. DlM.Mgm, and fninicd in Coloun. 
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INSTRUCTIONS IN WOOD-CARVINO FOR AMATEURS. 

Wicb Hinu on Design. By A Ladv, Wiib lo Pluu. Htw and CliOkj 



PAINTINQ POPULARLY EXPLAINED. 

By Ihduu Johh ClrLLiCK. Painlcr, and Jo>ii> Tmu, F.S.A. 1 
FiEKD, Od, Manic, Waler-Coiaai, Wuei.G1au. Tempera. V 
Miniacun, Pnintini on Iv«t. Vellum. Podenr. Kouiel, Claai, &c. Fif:h 

KdilioB. CiDWn «vo, clotd 

*.• AditfUd at a Ptit Boek at SdMIi KnuiMgum. 
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CaOSBT LOCrWOOD «■ SOXS CATALOGUE 



NATU3U1. SCIENCE, ftc 



THE vtsiBLE uNivease 




STAR OK01IP5. 

A gf Jart <MAt H ^ CwTlhiBM, Bt J. Euj«> Gem. r.KJLS.. 

Hwii^ fcc « %hylli^ So««s,cleih . . _ . . SjO 

» ■■ !■ "^ M* ij,^j5^S m- >«» ■■ ( im 1 «< ■ y»^—i —»»>* c waHp« 

AN ASTRONOMICAL 0L05SARV. 

<« ?iM«itilii mi (M«(i*K CrfciMl OMku. !■ J. KuAUi GoMu 
r.K.A.S..ABik><4"TW«^kCi>H«^-*c. Sad oontKik delta. 



THE MICROSCOPE. 

tuCofiftt«cl»»imd Uiucnvni. IpclodiLC TectdiqiM. Pbixo4i>cfoc"Hr^T- 
and the Pu ud F«br id iW MicnKiipc. ilr I>r. MnHi var Hiuicii. 
Kc-Kibud iBil AdcuKfiud (na tlw FsMnta FnTKb Ediikm, ud Tiaulunl 
b* Wnin K. Bum. F.CA («■ pp.. wilh opmrtt of >}a Wmlcnu. 
iBp.>n,dgib 18/0 

ASTRONOMV. 

Bylhc lau Rn. Ronn Uaik, M.A., P,R.S Third Ediiion, BoinI In 
William Thtvki Lyuii, B.A.. F R.A.S., fwmnly jfihr RdthI PbwvMoo, 
Ciecowich. >iii«>.d«b .... 2/0 

A MANUAL OF THE M0LLIJ5CA. 

A TiaiiK on Koxni and Fouil Sbillt. By S. P. Woodoaiid. A.L.S.. 
F.G.5. Wjifa sat Appeulii on Recint akd Fi»&ii. CoxcHauniuL 
Dl^^ov■BlIS, bv Rmj-h Tati, A.L.S.. F.G.S. Wkh 13 PUua ind 
upvkrdB of iDo woodcDtL Repsini of FourOi Edilk» (iBBoX Crowri Bvo. 
clolb T'e 

THE TWIN RECORDS OF CREATION. 

HyV., W°V.!^V*™'a«..clolb , ....... 5/6 
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NATURAL SCIENCE. &t. jj 




HANDBOOK OP MECHANICS. 




By Dr. I.*Bn^..s, E„l:.,scd ;„„l „.-»ril.=n ly IlCNJAMI-J Loiwv. F.R.A.S, 




3,!1lhislrr,l. ... p ,.,.,.,, ,r.,h , . . B/O 








bfltv be«1 rc^'l'. 'i.:i& EhioLtuhuuT Am 








HANDBOOK Ol" HYDROSTATICS AM) I'NKUMATrCS. 




By Dr. LsBliNPil. N^w EdilwTi, Rrvi.fd und F.nl.iiKBd by BSMJAMIN Loilwv. 




F.R.A.S. Wiih aj6 IJluiIniioai. Pan 8va, doih .... S/O 












HANDBOOK OF HEAT, 




By Dr. LuPHEK. EditdwidTt-wtineaby Bkhmkih Lokwv, F.R.A.5..&e. 




117 lUuuruJaiu. Poll BvD, clolh Q/Q 








HANDBOOK OF OPTICS. 




BvDr. Lakukek. NtwEdmon. EalledbyT.Oi.vBi. MixruBc, B.A. Und. 










ELECTRICITY, MAGNETISM, AND ACOUSTICS. 




By Dr. Lauwil Edilxd by Geo. Cauv Fostbi. B.A., F.C.a With 






" Th» l«wk couU nM Un bm iDtniiwd Ki my «m bWM akuljtKl 10 pnuna 1I.S Bin 




•ad iLKld ktK ot LiMnn. WiDi niRoUiE bis «»» ud bfldiliv "P bU -iiik IQ lU PKHS1 




•t»cfKk»lilkb»wl.dl,v'-ft,>U.r^.i«u.C»KB. ^ 




HANDBOOK OF ASTRONOMY. 
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By Di. Lakdhsi. Fourth Edilion. Revised uid Kdiied by Edwin Dunkiw, 


' 


F.R.A.S., Roynl ObsoTralory, Gnwnwich. Wilb 38 Pllius «nd upw»rdi ot 




100 Woodcuu. IvD, clolh . . . . . a'R 
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MU5EUM OP SCIENCE AND ART. 




Edi.«l by Dr. LMPKB.L WiU. iipwud. o( ,.™ Engraviop 00 Wood. In 
S[ji Double Volume^ C1 1 ■. in ■ new and eleginl chHll brndins : OI brad- 






wmely bouiid io h.l(-B,o™co £111.. 61.. 










StpatsU Iwoti fofvai /nM> »i alxvt. 












PopuUr aeoloiry. «, 6./.clo,li The Bceand White AnU. «. cimh. 




Popular Physic*, u. M. cl<.il.. [ The Elccliic Telesrupb. 11. M. 




NATURAL PHILOSOPHY FOR SCHOOLS. 




ByDi.L«i.««. Ft.p,avo . . 3;8 








ANIMAL PHYSIOLOOV FOR SCHOOLS. 




By Dr. La-dke.. Fc^. S«, 8/6 
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THE ELECTRIC TELEQRAPH. 




ByDr. LiHDweii. RivUnl by E. B. Bkight, F.R.A.S. Fc»p. Bvo. . 2/8 
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CROSBY LOCKWOOD * SONS CATALOGUE. 

CHEMICAL MANUFACTURES, 
CHEMISTRY, &c. 



THE OAS ENGINEBR'S POCKET-BOOK. 

CompiuinE Tiblci. Natcf ■nd MiDioiuidH nluine to the Mannb 
Dinribulion «id U« of Coal Gk iind ih. Cominiciion of G»i World 
H. O'CoHHOR, A.H.Inu.C.E. SiEoniJ Edition, Revi»f. 4Ti>p[i.,craw 
fiiUT UlDUiBUd, Wubv. [/wt/W^iiin/. 10/8 

ibi Tukim dnd^MliiiB of cu •m b> irfnluc id Ibr I^Dlulct 



It Worlo. By 






[/«( jwabM: T/a 



ENQINEERINQ CHEMISTRY. 

A Pncliail TnuUe for the Uk of Aiudyiici] Clicnuni, Bnj 

and Wualion of tbr Piindpat Mueiisli nxd in EnvDHiinE W^dcT' 
Aiwlyis, Biunplis and Soegiilioni- By H. J. Philuh, F.I.C,. F. 
Second E^dilion, Enlugni. CrownBiMi^gapp., wiiiiIUiiitiuioiu,c)oth 1| 



of Avians 



Nitio-Glytcrinc lU 
With Chap.f« oi 

wl^TjD IMii«™i 



— - -^,iHnmo, \jUD-\<onigii| 

-- , ---'C Compound*, incJudin^ CoUodioo-Cotum. 

Explosives in Pr»ctic»l Applicuion. By M. Eiblbk, 
id McullurEJcal CbtmLii. Second Ed'liwi, KnlDnd. 
1. Crown Svo, clolh. \Jiist PubUtlitd, Ift/S 



r™nsiBrt. With No«-. 

li Riiilwiiy Cludftcgtioni, Acts oT Piuliuneiit, £c. A Guidr for iIk lint o( 

ivernnwnl luxi Raiiwiy Officuli. Sieinuhip Owneii. liuurinci Compai^ei 

„d Uunifuiuten. mid Uien of Explouvrs ind Dnngtiotif Goodi. B* 

Ui JMKDA pHlun, F.I.C., F.C.S. Crom Bvo, y,, Ri.. cloih . . B/5 

' an iotiillfiiH. VP"*;i*d»» r— ■-- ' ""■ — ^ "'— - 



CHEMICAL ItANUFACTVRBS. CHEMISTRY, &v. 
OF 

Mil 

r. lyju 



THE BLOWPIPE IN CHEMI5TRY, MINERALOQV, AND 

OeOLOQY. 

ConiKiniaB all known Mclhodi of Anhydrooj Analysis, many WDrbing 
Eicunples, khI liuinicliiHis (or Makine Appantus. By Lirut, •Colonel W. A. 
Ross, R.A., F.G.S. Wiih iio llluitnijoni. Second Editioa, £nlug>^. 
Crown iro, cIcHb BfO 



THE MANUAL OP COLOURS AND DVE-WARE5. 

Their Properties, ApplicHlionak VHluotions, Imputiliei and Sophiiiticalioti 
For the Uie of Dyen, Priours, DiyiaJien, Bcokcrs, &c Bj J. W. Smtei 
Second KditioD, RtviKd wk! greoilr EnLHBed. CiDwn Bvo, daib . 7|i 






A HANDV BOOK FOR BREWER5. 

BeinE ■ Pruticai Guide lolhe Art of Brewing u ^. _ 

CoDdiuiDnA of Modcra ReieArch which IxH upon tbe Piaciice 

Bt Huukt Edwuds Wuqht. M.A. Second Edition. Enlarged. Crown 

■- -' -'^ IJutt FtililiaM. 12J8 



I., doth. 




PUEL5: SOLID, LIQUID, AND QASEOUS. 

Their AnaJysi uid Valuaiion. For ilw U« of CheoiiKii and 1 
H. J. Phillih. F.CS., (ormerly AnaJylical ind Contullinf < 
G.&. Rlwy. Third Edilion, Revised and Knlaiged. Ciowti I- 
'^ Ouefat td bar* la place Id ~ ^ ' ~ 



36 CROSBY LOCKWOOD «- SONS CATALOGUE. 
THE ARTISTS' MANUAL OF PIGMENTS. 



A POCKET-BOOK OF MENSURATION AND OAUQINO. 



d Revenue. Second Ediiio 



INDUSTRIAL ARTS. TRADES, AND 
MANUFACTURES. 

TEA MACHINERY AND TEA FACTORIES. 

A l>e>crij'iivc TresliK on Ihc Mechiniat Appluucu required in ihe 
Cu]iiM.tii.iiu(tl>eTcuriiiil>iiil the Prrpaniion d( Th for lh« Mulul. By 
A. J. Wallis.1avlI!», A. M. \nn.C.i. Medium Svo. .68 pp. With iig 



FLOUR MANUFACTURE. 

A Trcuiic on Milling 5qien« uid Practice By Fl 
RffgierungHUh, P(ufti " '" '--■-■•^ ■---■ — 
pDlyUcbruc iDHituie, k,. 
RiviKd Edition with Su 

InsuniioD or Ci>il Envi . .r.- .r 

PLuu. (Dd 167 Woodcuu. Rorml Im. eluli . 



^__^S.. 



Doubling And S^nn 



Fm Ihc U« <l 



MODERN CYCLES. 

A Pructiol Handbook on their ConiuuciiDH ind Repur. 
It^iLtn. A. M. Intl. C. E. Auihor of " Ririigentlng Mub 
upwanlsoraaillluiU'aliani. down tva. clolS. [/•»(: 

"Ilk* lu« tradB ttMl U dooH In Iha cfoDpcBWni pamof Mcyrlnt» 
InM IHclullkslly tDcSzHd qtnantoiuw ^Ulnu lor buildknB t^cltf far lti( 



!«•» of Opcnine, Cjirdiug. 
CottoD. ibe Bfibodi of 
ukeiSv Hod MuiuflctDKri. 

. Bva,Glolb . . 7/a 



INDUSTRTAL AND USEFUL ARTS. 
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CEJHENT5, PA5TE5, GLUES, AND QVMS. 

A Praaicul GuMe lo ihc Muiiirictare uid Applkuinn of Ibe «iuil>m Alglotl- 
nwiu requirol ip lbs Building, Mctal-WorkiiiB, Wmd-WorliinE, and Lalbar- 
Wwking Tndei. and lot Wack<Jiop, Libonwry ot OAu Uie. With upwudi 
ofsDuRtdpetwid FoimtilK. Bf H, C Stahdu^ ChcmUl. Third Edition. 
Crown Kvo, cloib. ijuit FiibliahiJ. 3/0 

THE ART OF SOAP-MAKINQ. 

A PnctiisJ Kindbook of the MwurKture of H>nl ud Soft Soapi, ToilM 
S«p>, Sec Including nuiay New Pcdccbu, ind ■ Chipter « lbs RecevsT id 
Glrcerina (nm Wuie Lcyi. By Aui. Watt. Siiib Edilion. including u 
. j-_ ._ "--■— "idlimJiinj. Crown a™, elolb. 









PRACTICAL PAPER-MAKINQ. 

A MiuuaI for F(»fMolicn uid Owners tnd Manuui of Pips.Milti. Wilb 

Tsblo, OJoiluioni, Kt Bv C. CuirrsiiTaN. Paper-Maker. Wiib IIIu» 

traiions of nbrE> from Micro-Phaiograpbt. Ciown Bvo, clotb . . B/O 



THE ART OF PAPER-MAKINQ. 

A PriclioU Handbook of Uic Minufaclute of Paper frun Rags. Bipan 
Straw, and other ribloiu Mueiiali, IncludinE the Manuracture of Pulp &a 
Wood Fibn. with a Deicription of the MAchiDciy and Apciiuica iufoT 1 
which ue added DetaiU oTPrgceun r<ii KiccnarinK Sodalrom Wane Llquoi 
By ALSXAHUim Watt, Author of "The An afSaip-Makiii(.'' Withllln 



A TREATISE ON PAPER. 

For Prinleraand Slaliooen. With = , 

Tabiei of SiiEi, and Spedinen> of DilFereni Kinds of Paper. By Rici 
PaaxiNSOH, Ule of Lhe Uandialer Technical Scbooi. Demy Ivo. doih. 

iy-«/'.wu**rf. a/a 

THE ART OF LEATHER MANUFACTURE. 

Beiog a Fraclical Handbook. In which the Opeialioni oTTiuinlng. Cunyinc, 
and Lealher l>re»Ui» tue fully Deioilied, — ' -'-- ••-=--■-■-- -' ■'—-'— 
Ea^laiaeil, and many HecenI Pioceut> In'^ 
Eilimation of Tannu, tri& a Desciii 

Dre^nc, Ac. By ALMABMIa W... , 

FDunh£diti«u Crown Svo, doth 9/0 

THE ART OF BOOT AND SHOE MAKINQ. 

A Piaclical Handbook, intlnding Meamrement, Last- Filling. Cnttine-Ool, 
Cloung and Making, with 4 Dncriptiun of the moM approved Macainery 
Kmplwed. ByJoHH B. Lekd, late Editor of SI. Cnt^iii. and r*< Bool and 
Shm-llalut. i. mo. clotb B/O 
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CPOSBY LOCKWOOD &■ SONS CATALOGUE. 



WOOD ENflRAVINO. 






illiilyoflbi Arl. By VI 



MODERN HOROLOaV. IN THEORY AND PRACTICE. 

TnnalMsd rnn thd Fnoch of Clavoius Saukisk, u-DirKturof the Scbool 
al Haralofy u Mieso, by Juliu Tiii-tun, f - ■ - ■■ — ■ 

Huontectun. tod Edwaup Bicc, M.A.. Anayn 

?' hiWooilcttU — ' " «...-— 



uinuioru, IvDi ckHh . 



THE WATCH ADJUSTER'S MANUAL. 

A Pncticd Guide Ibi Ihe Wiicb luid CtmAnnvi 
Springiog, Timing »miA<liuubiial„ ■ ■ 
BfC. K. Kritts. )7d pp., wiib tl 

THE WATCHMAKER'S HANDBOOK. 

Intcndxl u ■ Workifaap Companion fot tboM «nEac«d ii 
Ibt Allial MKhuic^Arti. Tnuii]u«l ri«n <)» Ki,... 
Sauhikil uid enlured by Julieh Thipklik. r.R.A.S. 
Rtac,M.A..Au>v«iiiIbeItoyilMlnt. Thin] Edition, t 



of CulSdius 



ELECTRO-DEPOSITION. 

A Pnclicil Tnnliie on Ibe Eleclialyiu af Giild, Silv*i, Copni 
Mbtr HoiiU ud Alloys W1U> D«crip<>oni of Voluic Bb1i> 
uid Dyiufno-EIeciiic Muchiimp TbcrmopilQ^ and of Ibc ] 
Procv»e4 iiH<l in every Dcporfmrnl of Ibe An, sad Kwih 
EL»CTi.o-MrrALi.u«GY. By Aleiandih W*-it, Aiiihor 
MEialluigy,' &c Third Ediiion, Rcviwl. Ccdvo Svo, d«b 
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Aluahoei Watt. Tonh Ei^aa, inclni&i ibc 
iBDa rUDi rrocHis. iimo, cJoib g/e 

JEWELLER'S ASSISTANT IN WORKINQ IN GOLD. 

A Pruiioil Tnaiiie for Masliis and Waikmen, Cominled TrDm Lbs Eipcj 
of TbiitT Veus' Worktbop Pnuiicc. Ely GEoxiB £. Gib, 
Caldimitb'i Handbook," &c Ccown Sva, clotfa 







ISDOSTBIAL AUD USSFVL ARTS. 



ELECTROPLATINQ. 

A PruliiJi] HAndbook on Ihc Depodljiia of Copper, SUra. Nickel, Gold, 
Aliimininni, Bcih, Pljulnuin, ftc. &c. Bt J. W. Uruuhait. C.E. Founb 
EdidDii, RE>iKd. Cro*n fo. clotb. [/nuf P-MisAid. BIO 



■ ELECTROTVPINO. 

The Reprodnclioo Mid Multipliouion of PrintiDg SatfKei and Wmlu of Art 
hTIhEEIccDO-DeposMonofMeiiili. By J. W.Uhqdhaiit.C.E. Crown Bvo, 

cbHli aio 

OOLDSMITH-S HANDBOOK. 

By Ghorsk E. Gbk, JfwElln. 
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SILVERSMITH'S HANDBOOK. 

By Geqrob E. Gu, Jeweller, ftc. Tbird Kdilii 



■,* Thi oftovc loo nor*! ingtlhtr, tirimtljt half-boutid, fria 7i. 

SHEET METAL WORKBR'5 INSTRUCTOR. 

Compridng s SelBction of Geametrlukl Probleou uid Pnu:li»l Role* f« 
DeKribine the Varioui Pitteini Required by Zinc. Sbeei.Iton. Copper, ud 
Tio-PlaleVorkers. By Reubkw Hbhuy Wakn. New Ediiion, Re™d Md 
Eiejiilv Enlueed by JosepK G. Hoinek, A.M.I. M.E. Crorni Svd. >u pp., 
*ilb 430 lllostTAlions, cl«h. |/Bi( PMi,lud. ife 

BREAD & BISCUIT BAKER'S & SUO A R- BOILER'S 

ASSISTANT, 

Including a lirie vuiely of Modern Rrdpu. With Rpjnukl oa the Art of 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

Use. By K.Wells, Author of "The Brcsd siul Biicuil Bikei." Crown Bvo, 
dolh 9/0 

ORNAMENTAL CONFECTIONERV. 

A Guide for Baken. Confectionert kzhI Futrycooki 1 inclodise ■ nriety of 
Modern RecijM, uid Remark, on DecorMive uid Coloured Work. Wilh i» 
Original Dnigu. By Rt)BIi<T Wiu^. SkoihI Edition. Crown Bvo . g/O 



THE MODERN FLOUR CONFECTIONER. WHOLESALE 

AND RETAIL. 

ConiaininBaWgeColleeiuiiiotRedpes or Cheiqi Cake., Biscoil., ftc. With 
remark! on the [neredienu Uud in ihcit Manuractun, By Robert Wills, 
Author of '- The Briad and Biscuii Baker," &c. Crown Bvo, cloth . 2|0 

RUBBER HAND STAMPS 

Indiaiu'bbn^and ' Stamps" Smiil Atlicl^s'of Indiatubhu, The HektOKruh, 
SpecUI Inks, Cemenu. ami Allied Subjects. By T. O'Conoh Sloahb, A.M., 
Ph.D. With Dumerou. lUusuilions. Square Bvo, cloth . . B/O 



COKMBRCB. COUNTIHG-BOOSB WORK. TABLES, ««, 4 



COMMERCE, COUNTING-HOUSE WORK, 
TABLES. &c. 



LESSONS IN COMMERCE. 

By PiofeBor R. G*HBA>0, of tbt Roril Higb ComntrcUl Scboo) u GcnM. 
KdJud und Reviici) by IamB( GAU1.T. Profeswr of Conuncrce and ComrnniHal 
LtwinKiDK'iCsllecc. LondDD. SecDndEdiiion, RcviKd. Cicwn Svo . 3IS 



THE POREiaN COMMERCIAL CORRESPONDENT. 

Being Aidi lo ComincniiiJ CanBfvadeDa in dvc Luipiagu—Englbll,. 1 
Fnnch, Gimuui. luliun, and Spaniih. By Cohiad £. Bakie. TIiIi^ I 
Ediiion, CanTiiU]' Revi.wJ Thiaugboui. Crown Svu, clalh. 



FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. I 

A Handbook tot Accuununis And MuiulitcIamB, with Appeiulica on tba ^ 
NomeoclAiim of MKhinc Ocuilil tb> Inconx Tu A.-ii; ih< Ralinfjir^ 

bdudioc aJto ■ GloHvy of TvrtDt ud » Urft« numbef of Specimen RnJinca, 
By EyiLB CucEi and ). M, F(i-U. Foufth Editioo, Reviied and Enlancd. 
Deny Bvo, tso vek, KCrongly bound ...,.-,- B/Q 






MODERN METROLOaV. 



A MlDUal of itK Mflrical Unia anil Snlenu of the proent Coniniy, V 
An Appendix conluninB a piopoKd fCniJi^ System. By LcrtVIt D. 
Jackkih, A. M. Inii.C. K.. AiitliM-ifAjdiDSurvty Pmoice." &ti L- 



A SERIES OP METRIC TABLES. 

In which the Brilllh Sundlrd Mea«iia and ^ 
tttht MelriE SyneiD al pnieai la Um oa Ibt Corn 
C.E. In, maagly hooni] 




THE IRON AND METAL TRADES' COMPANION. 

Par Eipeditioutiy AKOtiujiiDg tbc Valoe of any Goodt bouehi or . 

V/eigbl, From is, per cwv to 1IU, pet CWI„ Itnd from one futbing per pound 
me ihillini pei pound. By Thuuai DowHik. jgipp,, leatbei ■ "' 
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CROSBY LQCKWOOD «• SON'S CATALOGUE. 




a Nf vr mid Camprcbmsivfl Plan, 
ic of way Weight from i lb. rn ■ 
1 tfAs. pcf cwt., and cDol 



(mouly to b> pclfom 
AniWHi : Ifae wlioli b. 

THE DISCOUNT OUIDE. 




-■ IheUseof Merdmnu. Mud 

inmongiTj, and Others, hy which miy be Mcertaioed Ihe Ema Pr 
many mode or using Diiicopnu,eilh«in ihe Puithawoi SJe of I 
: rneihod of eiiher Altering ■ R«e of Dittounl, m .Wvaaqing I PriCE. aaa 
IHOdiice, hy one operation, a mm thai will toAk any wquired Pnifit ^tc 
jwuig me or ni[>re DiKounu : to which are added Tide, of Pro6l a 
ranee from il 1090 per «nt., Tables of Disamnt fiuin itioi" 

iTahlesof CommiMion, 4c., ftomitoro peroaiL By ReHl ^ 

jDuniant. New Edition. Correclod- Demy Svo, half-hoand . £1Sa?| 



TABLES OF WAGES. 




IRON-PLATE WEIGHT TABLES. 

cSculiJSl WnghK <rf^ ngincm, 



and W. U. SiunoH 



--. Metdii 

of 150,000 dilletent >im d) Iron H 
by < feel by 1 ID. Worked out on tb 
« of 1 Inch in thicknen. By H. Bi 



MATHEMATICAL TABLES (ACTUARIAL). 

Conpriting ConnnniBtion and Conveislao Tahlu, Loaarilh 
Anlifogarilhmi and Reciprocal.. By J, W. GoKPOH. Ki 



AGRICULTURE. FARMING, GARDENING. 

AGRICULTURE, FARMING, 
GARDENING, &c. 

THE COMPLETE QRAZIER AND FARMER'S AND 

CATTLB BREEDER'S ASSISTANT. 




FARM LIVE 5T0CK OF GREAT BRITAIN. 

Bv ROBUT Wallace, F.L.S., F.R.S.E., &c., ProfcHoi of Agiiculiure ind 
Rural Ecoiuiinr in ibc Univaiiiy of EdinUirgb. Thinl Edition, ihuoughly 
Revised uid caiaidrrMj Enlu-ged. With over ivi PhototypH of FriR 
Stock. Demy avD, 3S4 pp.- *'!'' 79 PI"E> '"'I Maps, cloth. . . 12/6 



NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES 

FOR FARMERS AND FARM STUDENTS. 
By Piiiiniosi McCohhell, B.Sc,, Frllovi°F ihc_HighlAnd ind AEncniranl 




CROSBY LOCKWOOD «• SONS CATALOGUS. 



Firmer. By Prof. J. P. Si- 
Revised. Ctdwd £vo, clothe 



1 ol Ibt Dilry-Fum. For tba Uk o> Tecbniial 
n Arriculloral College* and the WDrkine DairT' 
[1.D01.. WLlh lUuAoIioDi. Semnd tditioh. 



MILK, CHBBSE, AND BUTTER. 

lion, tni^ludine a Chipia an Cicun and the M«) 
Milk. By JoHK Oliv». Iuc Pnncipal of tke 
Berkeley. With Ckllouced PWe> end •« lUiulnil 



SYSTEMATIC SMALL FARMINO. 

Or, The LenMis of My F«ib. Being en I 
Prmclice Tdt Smill Fennen. Bv R. SccTr I 
Modem Fuming." &c Crown Bvo, dulb. 



OUTLINES OP MODERN FARMINO. 

By R. Scott Bukn. Soils. Menuna, end Cropi— Furming end Firming 
EconoDiy— Citlle, Sbeep, and Hanet—Manuenient ol Dairy, Fig>, and 
Poullry—Uliiiwion or Town-Sewage, Inigu>on,&c. SiMh Edilioo. In One 
Vol., i.ijo pp., half-bound, pufiuely llluslraled 12/0 

FARM BNOINEERINQ, The COMPLETE TEXT-BOOK of. 



Field Implemenuud Hachinf 
Jobs Seem. InOneVo' 

THE FIELDS OF GREAT BRITAIN. 

A Tenr-Book of Agriculwrr 
Ci«m«^TBoBtd orXts! 



. 2lB 



TABLES and MEMORANDA for FARMERS. ORAZIERS, 

AQRICULTURAL5TUDENT5, AURVEVOR^, LAND 

AUCTION EBRA, Ac. 

Wilh ■ New Syitem of Fum Book-keeping. By Siphf.v Fu 
£dilion, ij^ pp., waiatcoat-pocket »iie. limp leadier 






- 1/B 



THE ROTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LES50NS FOR FARMBR£, 

Pari 1. Stock. Paii 11. Caon. By C. J. R. Tii-taii, Crci»n g™, dodi. 



I 



AGRICULTURE. FARUING. GARDENING. **. 
FERTILISERS AND FEEDING STUFFS. 

A Handbook lot thf PiacliciU Firmer, By BBBNsun Dykk. D.Sc. (Land.) 
WiUi lix T«l of Ihe Fertili»rs uj reeding Sluffi Act Of 1S91, Sc. Third 
EdiLHD. Reviled. Crown Bvo. dolh. [Juit Fufiulud. MO 

ilfiOfmuitni1aaoiB'xm^tUmlwBL''—rMt Timai. 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the ManiimUiign or B«i, the Pioduclion nt Hanry. mid llie 
GenenJ Muiugnnent of the Apiur. By G, GoiDDN Sahsdk. Witb 
DamcTsui [lIusuuiDU Ciown 3vd, cfolli I/O 

BODK-KEEPINQ for FARMERS end ESTATE OWNERS. 

ClajJ^ of F^Tn^^B^'ToH^oN^M. 'woodha'n, CW«ed ^OTOunMi. 
Second EdilioR, Rcvited. Cravn Evo, clotli 2.Q 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Civing Weekly Labour Accounl and Di-rj. ud ihowine the [acoine ud 
ElpMldiluit undtT emoh Deparunenl df Ctdm, Live Sticic, Dairy, &c., &c 
Witii Vileition, Profit wid Lou AccoUDI. uid Balance Sheet U the End oFlhf 
Vciir, By [oHN«>H M, WoopMAH, Chulered Acnunlwil, Second EdiiioD. 
Folio, tufr-buund Jfil 7/6 

THE FORCINO QARDEN. 

Or, How (0 Grow Early Fruit% Flowers end VeceUblu. With Plani and 
EiiimBIet for Buildinr CUuihoiuet, Pitt and Fnunei. With lllusmiiont. 
By SaMUKl. Woon. Crown Svo, doth SIB 

A PLAIN aUIDE TO GOOD OARDENINQ. 

Or. How >o Grow Vegfiflbles, Fnjiu, .nd Floweiv By S. Wood. Foortb 

a™, cioih ' ■ aie 

MULTUM-IN-PARVO OARDENINQ. 

Or- How ID Make One Acre of land produce X*«o a yenr, by the CnlltTai 
of Fruits and Vegetables ; alio. How 10 Grow Flowera in three Glau Hoa 
w as 10 (caJiw £116 per annnin cltai Profit, By Samuel Wood, Autho 
"Good Gardening," Ac. SUth Edition, Clown Svo. lewed . , , 1 

THE LADIES' MULTUM-IN-PARVO FLOWER QARDEN. 



■iCompltw 



POTATOES: HOW TO GROW AND SHOW THEM, 



a;e 



MARKET AND KITCHEN OARDENINQ. 

ByC. W.Shaw, lUa Editac cf GmrJatixg libulr^iJ. aoll 



M 

■ am a 

1 



CROSBY LOCKWOOD «■ SONS CATALOGUE. 



AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, &c. 



INWOOD'S TABLES FOR PURCHASINO ESTATES 

AND FOR THE VALUATION OF PROPERTies. 

Including Advownoru, Aesutwicc PaUd«, Ccvpyholds, DrftrrFd Anniu^H, 1 
Fmboldi, Gnniod RciiU. ImmEdule Annaiiin, Lcuebulds, USc loisaB, 
Hvuwo. Pcrpvcuiliei, Rcnewali or L«iim«, Rovofiaiu, Sinkiiw FuDdv 
&<^, Sc lr6tb Edilimi, KeviKd uid Eilendid bv WtLLlAK SCKOOLIHe, 
F.R.A.S,. vlih Loguilhmi of NuunI Numben uid Thohah's Loguiihnik 
Inumi uid Annuity tablet. ^ pp., XHmj tvg, cloth. 

{/Ml Publixkid. KitOlO 

.^^^^ -___^. ^^:^tjs: " ' 



THE APPRAISER. AUCTIONEER, BROKER. HOUSE 

AND ESTATE AOENT AND VALIJER'5 POCKET ASSISTANT. 

Vat (he Valouian foe Puichue, S>1e, or Renewal at Leua. A 
Renrdoiu, ud of Propenr fenendly ; wilh Plica fat Invcniui 

eHK Wh»l», Valuer, &c Siilh Edllioo, Re-written ud grcMly Eiundad 
C. NoKMl, Sarnfor, Valna, ftc Roru 3»ac, dolb ■ ff " 

" " " ■ lit ckariy^rnnfod Bt 



AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Miniul or Insttnclion uid Ccmniel foi the Voung Auoiioneei. By Rouki 
SquiBU, Audkneei. Secoad Edition, Revised uid paillyRe-irtitun. Dcd 






THE Arpl^lClilHk^l. VALUER'S ASSISTANT. 

A I'l I 'I t)ic Vuliiuion of Landed Esuia; inchldliig 

!■'■■ I . r[ on Muiagcmcnl and KvUluIioo: Fomx? 

V.1,11 .■ ■. I .1.1. Listsof Local Apricniturai Custom t Soil 

Ciiii,. :j.'. ■■ \^rk«|[utal Huldimt Ati.md J BiiefTtaui 

u, Sa. By Tan Bhicht, Agticut- 



POLE PLANTATIONS AND UNDERWOODS. 

A Pnctiisl Huidbook on Eitimuint Ibe Cost ol Fomiint: 
Improving, and Gtubhing Plantaiioni uil Uniimmodi, ibei> 
PurpoH of TiuuttT. Rental, Sale or AsKsunent. By Tom Bn 



A UCTIOfJ BERING. VALUING, LAND SURVEYING. ««. 47 
AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

Of Prulicsl Rdi'u, Foimuiz, Tabln, and D>n, A ComprefaenHvc MediuI 

Tom Biiqht, AErlculiural siirvEyor and V>ln«, Aulhot of "The Acri- 
cultunlV>luei'iAiu>Uiit,"&c. Wilb lUuunlioni. Fcu>. Bvo, LstLhu. 

[/bi( Pattiikid. Ifil 7/8 
"AaaiCMdlivlyiuerilltuit. MignHiiciibiDlwIilcliinmdnlnblrclioHii. TLacLuoi br 

THE LAND VALUER'^ BEAT ASSI5TANT. 

Bring Tnhtn DO x nrv much laipiQVed Plin, far CaJcuUimg the Value oF 
Eiistei,. Wiih TaljiMfor reducing Sculch, Inrt, »nd ProvincUJ Cuilommr 
Aries in StJUule Meuuce &c. Bf R. MuDSOH, C.E. New Ediliuii. 
Royiil 131111), lutbn. tlulic liBwl 4/0 



THE LAND IMPROVER'S POCKET-BOOK. 

Comprising FirmuiAt TAhlei, und Memornndji rrqujced in cuiy Campuuiion 
relating (0 the Penuuient ImprovFinent nf Landed Properly. By loHN EwAHT. 
Surveyor. Second Edition. Reviled. Koyal jima. ob^ung, leuthei , 4/0 



Compalhjry Sale of Kousct and Luid^ inciudiDg Dila^MdAiiut. ^, 

with Eiunplei of bTI Idnds of V^iuitioni» InfomutJon on Builtling mid on the 

Sixth Edilion, iimo. doth ,....'.... S/O 



Sf-JT;; 



LAW AND MISCELLANEOUS. 
MODERN JOURNALISM. 

A Ha.i.lbouk of liisimtlion wid Counsel for the Young Jouinalist. Bj 
B. MAtmi, Fellow DflhelniUlute of JoumnlilU. Cnjwn Bvo, clolh , 

HANDBOOK FOR SOLICITORS AND ENGINEERS 

Ihe AiithoriMtion o' Riilways, TiMn^yT'c.«r'lind' Wat™ Worltii'iS^ J 
" ■ " ■' ■ le Middle Templr, T ' ■ . -J 
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Bv L. I 
M. Inst. 



SEV, of th 



' £.^ Ball 

PATENTS for INVENTIONS, HOW to PROCURE THEM 

Compiled for lb" Uk if Inventon. PUenleel uid others. By C. C. I 
Hahoihchah, Assoc. Mem. lnsl.C.E..&c. Deny 8vo, cloib . . \} 

CONCILIATION & ARBITRATION In LABOUR DISPUTE^ 

A Historical Sketch md Brief Statement 
Ouestion .1 Home and AhloaJ, By J, i 






CSOSBY LOCKWOOD *- SONS CATALOGnE. 



EVERY MAN'S OWN LAWYER. 

A Kanilr-liiiok Of ihe PrincipiR of Law uid Equin. Witb m Canciit 
KctioMiy oT L^ml Tenu. By A BnHKUTnL Tbinr-niMh Sditiov 
canfiillr Kaoncd, ud iadudinK Mnr AcM ef Pwltiuiinil af 1911a. C<mb> 
jxTUDg On Camfania Atl. 1900 i iha Mauf-tMidtn Act, loea; thg Atr& 
chUhtoI Haldmp Act, /AM; lh> Wtrkmm't Ctmitntitlhu Arl. rgao: tb* 



Aitim*lM tit Caflirily Pm 
It of ibe year. /■ 
ftfCH duijmttid. Crown Rve^ 7; 

,• Thii SfaitJanl Wot* ef Ktfrr^ 



I pik, tiroDgLr bound m 



{amptidng iftntengit elfitr », 








THE PAWNBROKER'S, FACTOR'S, AND MERCHANT'S 

aUIDB TO THE LAW OF LOANS AND PLEDQEA. 

Wlih ihe Si>iaw< and ■ DIkw aTCua. By H. C. Folkau), Burin 

L.W. ooih s/a 

LABOUR CONTRACTS. 

A Populm Handbook on ibe Uw of Contr*^!. for Worlit ind Savk«. 
David GiKBoHi. FoutihEdmoii, wiibApnDdiiofSiuutabrT.P.UTT 
Solkilor. Fc»p. Svo, dolh .....,..; 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 

(lfl7H-lS«IJ. For tbi Uk of MuioTactann and MBnagert. By Emi 
Garcks mid J. M. F11.U. (Reprintnl fron "Factohv Accouhti 



WHALE'S SERIES 

SCIENTIFIC AND TECHNICAL 
WORKS. 



tdo much If) iay ihal nu Imoks have ever proved more 
mote useful to young engineers and othcra Ihan (he 
:s comprised in Weale's Series."— IngineBr. 



^ Jicln CloBsiM list. 




CROSBY LOCKWOOD AND SON, 
7, STATIONERS' HALL COURT, LONDON, E.G. 



i 



S WEALE'S SCIESTIFIC AND TECHNICAL SERfES. 

CIVIL ENGINEERING & SURVEYING. 
OlvU BntfiDMrintf. 

EicrKiEiiiKii by G. R. Hin^iLL. U LC£ iM>«rtli Edilmi. onnrd. 
wiih L.iinm ADDrnt.!.* by U. K. Clauk, M.I CE. . . . eV 

Plonear Bn^in«arin^: 

W.hTuX .n Nt-C™?i^H, By"e™a»u Duhok. H.Ust.CK. 
Wkt „«,«r^,^ 1>1D,«, S««xlEdi.io; 4« 

Iron Bridtfa* of Moderate Spaa: 

Their Con-lniclion lod EnnioH. By HAltlLTax W. PRDeKD. WMi ti. 
Illunniiwi .... 2jO 

Iron and Btoal Bridfo* and Tiadnota. 

A FrwnicaL Ttcaiiv npon Iheir Canatmcnan for iKe lue of EnpiMin, 
Draughl.lnen. and Slndintt. Fy FuiHCi C*«r]M. CE. Wilh DonavU 

Illiurwim. 3/6 

Conatrnotlonal Iron and Steel Work, 

Ai »pp(inl lo Public, PrLMI*. ind DomtHif IliiilJinsl, By Fiia.H(i& 
CA«i.w,C.E .3/8 

Tubular and other Iron Olrder Bridges. 

DeKrlhrnc lU Biiunnia inJ Conwu Tubulii biidgu. By G. Dktsd«le 
D««,SEV,C.E. FounhEdilLon 2fO 

Matarlala and Oonatruotian : 

lion at Work, of Conriruclion. Br Frahcii Cahmk. c!e.'". ' . 3/0 

Sanitary Work In the Smaller Town* and in VITIbJm. 

Hy Ci>*«LiLs StAcc, A«oc. M.lfU.C.E, Third Ediiion . . 3/0 

Roada and Streets (The Conatruotlon of). 

In T-o P»m: I. Tub Ast t,r CoxsT«i<m«c Comhon Roads, b* H. 
Law, C.E., RevUtd by t). K. CL'-K, C.E, ; II. Reint P»cn«: In- 
cluding Pavon.nll of W„al, A.i.haI.e, &c. Hy O. K. Claik, CE. 4/a 

Qaa Works (The Constmotton of), 

And iht Munufiiclun and Di>iribi;tie>n of Cos! Gu. By S. Hucno, CB. 
R»-wriiim by William RiCH*iit»,CE. Eighlh Edition . . BIS 

Water Worka 

roillieSupplyofCiliMond To.M. W,1h« Dscription of the Prindul 
GmloiiaU FonnUiono of Enclind ju InlliinidiiE Supplio at WllCT. & 
SAMirnL HuuHD. F.G.S., CiE. EnlugEd Ediina . . 4/0 

Th« Power of Water, 

HyiinHI.tic Enpim. By JomrH Glvnn, F.R.S. New Ediiion . 2/0 

Wella and WeU-Sinkln<. 

By Jnn« Gbo. SmsDULL, A.R.I.B.A..Bdd G. R. D. «»iu.l, C.E, Rtvi-nl 
Edmon. WilhlNow AppcnduonlheyualpIitiofWaler, llluvtIIMd 2f0 

The Drainage of IiandB, Towna, and Bulldlntfa. 

By G. D. DiHPHr, CE. Iteviud, wiih large Addiiiun; on Rcceiii 
Prmctict.by D. K.CiAB., M.l.C.E. Third Edmou . 4/5 

The Blaatln^ and Quarrying of Stone, 

GbdgM! ByGtn.Sii". Bi^iVns, k'.C.H.""" ' .°" '.' .°"''* "f/B 

Foundatlona and Oonoreta Worka. 

Wiih PtMlioil Remirki en Fooling,. Pljnkinj, S>iid, Concrelr, tMloii, 
Pile.dn'rfBt, CuiiMot. ind ColTentaoi.. By E. Dqssou, M.K.t.B.A. 
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I of Wind CiiTTciiii, fur 1)i< Um oI 
, T.R.S. fflpnh Eiiiioo . 1/B 

Land and Bntfinserlntf Bupvejrlntf. 

For Shidrauand l"™!!!!!! Um. HyT. ll*itrit,C.E. Fightemlh Edllhro, 
RrvUed jn<l Eitcndrd by F. K. Diion, A.M. 1d>i. C.E., Prorevmial Ano- 
cinMofibeli^iiiuUMni/Surviyon. With nunnwi lll.Ktisiionsimd iwo 

Ulhographic PLitcf U-ilf'tluhtd 210 

Vanmnratlon and Heaaurin^. 

For Student! and Praciicol Um. Wiih the Mcnuinlidn mkI LenllitiE oI 
Land TaiilKpurposu of Mndwi Engineering. By T. Hjokbr, C.E. New 
Edition by E.NuGiLHr,(J.E t« 

MINING AND METALLURGY. 
Vlneralo^, 

Kudinieni] ot. Ily A. Ramsey, F.G.S. Fouclli Edilian. tetiied ud 
enlirgrd. WDodculmnd Pliin 3/0 

,Ooal and Coal Hlnlng, 

A Rudimcnlflry Treui« on. By the Inle Sir W*I.IK.iroN W. Smitth. 
F.R.S. Eiihlll Edition, nviied ind exlended by 1'. FnB'trix HxowH. 

U.ufHUhM 3/6 
Metal lui-tfy of Iron. 

ContaiDinK Melhodi at Aiiay, Ainlyiel of Iron Orel, Ptkc^ks of Manu- 
ficture oriro.i andSteel.&c. By H. B.ukkman, F.G.S. W.ih numeroi.t 
llliiilialiani. Siilh Edition, revl»d and enlarj[ed .... 6/0 

Tha Mineral Surv^or and Valuer'a Oomplate Qnide. 
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f Blata and Slate QnaPFylntf: 

' ' nlifs, PnctieiCind Connnercial. By I). C. Diviis, F.G.S. With 

A First Book of Hlnlntf and Quapryin^, 

Wilh the Sdencw conneciwi ;he.c«iih. f,., I'nimify Sihool. Md Self In- 
tirui:tion. byj. K. CoLi.iHS, F.U.S. Snond Edit.on . . . t/6 

Subterraneous Surveying, 

With and oiihoul Ihe Magnetic NmiJIo. By T. Fkkkick and T. Bakkb, 
C.E. llin„r=,ed 2/S 

Mining Toole. 

B.i,Tol^hoolof Mhl'o" '"""'^■^ ctnreron tactic u^.ng .t^^^ 

Mining Toola, Atlaa 
Phyaioal Oeolojy, 

PMIly laifd on Major-General Ponri.ocil's " Rudimenn ot GeologT-" 

By R«li.hT.tk, A.L.S., &c. Woodcuw 2/0 

Hietorioal Geolo^, 

Panly bued on Major-Cenera] Poitlock's " Radtmenlt." By Ralfh 
Tate, A. US., Ac WeodeuB 2/0 

Qoology, Phyaioal and Hiatorloal. 

Con«ii1ine of " PhyaiciL] Geology," which kul fotth the LeadinE' Principles 
of the Science^ and " Kittoriol 0*otaey." "Mch Iron '.t the Mincnl uid 
Oromnic Condition! of the Earth at each HuccciaLvc euo^h. By Uai-FH 
Tate, F.G.S 4/6 

■leotro-Matall nr ^, 

'^uiically Treated. By Alrxandii Watt. Tenth Edilisa, cnlateed 
■d ranted, inclnding the nuin Receal Procom .... 3/S 
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MECHANICAL ENGINEERING. 
Tb« Workman's Manual of Bntflnosrlntf DrawlBtf. 

By John Mi.Tri-j, Insirqclot in Li,gi™nng Drmwins, Royil (?!«] 
Colltgf, Crten^ich. Sivenlh EdLlinrr. 300 Piuo »n(l Duigmms . 3/Q 

Fusla : Solid, Liquid, and Oa««ouB. 

Theii Anily^u Hid VaJuiiion. I'at ihc Um ot Chsmiiu and EnEiiKcrv 
By H, J. Pkillir, F.C.S., rormcrly AulyiicAl and CJHiiiiliuig Cheouu 
(o ihe Great EulTm Riiliray. Thiid bJlilioD 2/0 

Fuel, Its Oombuatlen and Boonomy. 

Coniiiling of ,11 A1,ri,lj(niri.ni( " A Trcihc 00 ibl Combuilion of Colli ud 
ihePre.tmiod of Smiikc." Hy C. W. W.ll.aus, A.I.CE. WithKrtBi- 
ti.c AJdiii.mibyD. K Ci^.it,M.lFi«.C.E. Fouiih Ediiion . 3/S 
Th* BoUerinaker'a AmaiBtant 

In l>™«ing, Tcmpbiing, and Calculning Bdlci Work, &t. By J. Cou«r- 
Mlv. Pncu^l Bo,tttmBl.« EdiiiJ I.V D. K. Ci.*»k, E& - ZtO 

The BoU«r-lIak«r'a Ready Reokonar, 

Wilh Bmlnpln of Piatlkal U«ni«ry and TonpUling for the Uk of 

Platan. Smiilu, and KivilOL By Johh CouitTuBy. Edilnl bv D. K. 

Clark H J C^ Fourtli Edition ^/O 

•,• 7-Af /wf Mh ITfrAi n <?■# l^tlumi, luilf-UuHA tnHIIrd " Tn BoiLia- 

kakm'i Riadt-Rickxiiii akd Ambtamt.'- By J. CouaTNUT and 

D. K. Cuk». PriuTIQ. 

Steoni BoUera: 

THti.ConiUTi«ionandMani.gtintnl. By R. Abih«>ohg, CE. IIIuuraKd 

Steam and Machinery Management. 

A CuiJt 10 ill* Airineemail and Economiol Mjnagcinnil of MKbinenr- 
By M. l>0Wi5llALIl. Si llT«.M E ZI9 

steam and the Steam Bngine, 

EDiint^Mi. J, Snw-BLi, ByTj. K.C1-AI.K, C.E. Foiutli Edhioa 3/5 

The Steam Bntfina, 

A TnaliK on the Mathcmaiiol Theory of, oilh RdIu and E.ampl« for 
Praciical M.(i. By T. Bake., C E t/s 

The Steam Hntflne. 

Byllf [.AUDf^Fa, llluitmlfj 1/6 

Looomotlve Bnglnaa, 

llyG. D. Dempsev. C.E- Wilh l.-LTge Addllioni Uciling of the Modem 
Locommivt. byl). ILClafk, M.Iuk.C-K 3/0 

Looomotlva BnCine-DriTing. 

A Practical Manual for EnainMri in ehargr of LoeDmoli« En jinea, Br 
MiLHjiEI. Rivuii,i«. Tamil Edition. ;i. 6^. limp ; dolh boardi . 4/6 

stationary Bn^lne-DrivlnC. 

A Practical Manual for Enginttn in cKatBt of Sutionary Engina. By 
M.CHAEi. RtvKnuif. Si.ih Ediiioo. ji. Srf. limp ; cloth boards . 4/6 

The Smithy and Fortfe. 

Including iha Fame.'. Art and Coach Siiiilhing. ByW. J, E.Cmhb. 
F«irih Ediiion 2/a 

Modern Workahop Praotioe, 

As Rpfilwd to Mannc, Land, aod LocDmuflvfi Engiim, Floatinr Dock«, 
Dndaing Machiun. BtidKCi, Ship-bnilding. Ac By J. G. Wihtoh. 
Poiirlhedltim, l[Ia!lr«ed . . 3/Q 

Heohanioal Bn^aeerlnf. 

Comnrialng Mttallurgy, Monldini, Cauing, Forging, Tgoli, Workihat) 
Machinery, Mechanical ManipuUiIon. ManufaEluri: of the 5l»n> ElU!i^^ 
■^c l)vFitAHCisCA»FiN,C.E. ThirdEditiofl .... 2/8 

■ OX Machinery. 

CoDipiwing Initruciiont for ih. K.eciilion of yarioiii Worki in Iron in Ihc 
rilling-Shop, FoniHlry, uid Ooila.Vard. By FnAHtia CAHrlH. C.E. 3/0 
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Elementary Bn^ineerlntf: 

A Maciu] for Young Mitine Engineiyn and Anprcniicfl. lo the Form ol 
QuMiions and Ans-rrs on MciBl^ Alloji, Sltengih of Mwcciuls &e. 

By I. S. BunwKR. Fourth Eititioi 1/6 

Pover in Motion : 

HorH. power Malloir, T«llhe<l-Wheel Gearing, Lone and Short DriWnE 
Bandt, Angulai Foiia, &c. By Jamu Asmouk, C.E. Third Edition 210 

Iron and Hsnt, 

Pillan, and Glrden. By J. Ahmouk, C.E. 2/6 

Praotioal Hoohanlam, 

And Machine Tooli. By T. Bakh, CE. With Remarks od Tooli and 
Machine^, by J. Na>mvth,CK 2/6 

Haohanioa : 

Beinza concise Eipotilion of the CcDeral Principlu of Mechanical Science. 
andtlicirApplicaiioni. Uy Ckables Tohlinson. F.R.S. . . 1/6 

Oranea (The Oonatniotlon of), 

-.[III other Machinery for Railing HeB>y fiodiea for the Erection of Build- 
iEi,&c BirJaiiPH Glvhh, F.R.S 1/6 



NAVIGATION, SHIPBUILDING. 
The Sailor'a Sea Book: 

i"n'^e.oul W^c"ti°"and'"So™^ l?atH.''"Ne"'ai 
_. ion. By W. H. RoMiB 

Traatioal Navigation. 



» Prokreml, by HlNir Law C.E., and Prof. 

Havltfation and Hantloal Aatronomy, 

In Theory nnd Pnctice. By Praf. I. R. VouNti. 

Hathamatfoal Tablea, 
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Haatintf, Haat-Makhitf, and Ritftfintf of Shlpi 

Alu Tablet of Spars. Rigglfg, Bl«k>: U»in. Wire, aud It 
kc, relative to every cliH ofvesiela. By Roatir KlPHlHC, W 

Salla and SaU-Hakintf. 

With Draughting, and the Centre of Eflbrt of the Saili. 
KipriNG. tCA 

Maval Arohiteotura : 

An EipoMiion o! Elemcnltiy PKnciplei. By Jaue 

Ships for Ocean and River Service, 

PrinciplH uf ihf Construction of. By Hahon A. 

Atlaa of Bngravin^a 

To Illustrate Iheabove. Twelve hirge folding Plato. Royal 4I0, cloth 7/6 

The Forma of Bhipa and Boats. 

By W. Bland. Sinih F.diiion, »ilh 
Model! 
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ARCHITECTURE AND THE 

BUILDING ARTS. 
Conatruotional Iron and Stsel Work, 

Aj applied >a Public, Pri«t«, and Do.nniic Huildingi. By Fw 
Caiipis, C.E 

BuUdlntf Estatu : 

A TmiiM on the Developmenl. Sale. Punliue, and Mininment of E 
ing Lind. By F. M^iTLAHO. Third Ediiion 

Th« Soleno« of Building : 

An Eknie.iurv T.MIi« on rhc Prii«ii.lM of Cnnilmtlion. By E. Wi 
HAM Taeh, M.A. Lond. Kaurlh Kdllinn . ..... J 

The Art of Building : 

General Principle of CoiMruFtian.Ktrcn El h. 
Drl»Hl.g>, Speeincatlons, &:. Uy Edwaru 

& Book on Building, 

Uy Sir Edhuhd 



«. M.R.I.AA. . 2M 



id Edition 



of MtHaiult W 
'I.R,I.RA. . 

tr, Q.C. (IdTd Oni 
.oTsPairoryitb^Hi 



JLooumtloB in Relation to Arohltootara and BuUdlof ; 

TheLawsofSaunduappUrd to the Amngtmenl of UiiiUingt. Vv Pro 
fe«orT. RoqRK Shitii, F.R,1.B,A. Ne* Edilicin, Revised . . |/S 
The Rudiments of Praatioal Bricklaying. 

(lenerol Priiitiple* of BrichlaylnK; A.ch nra*ing, CLllinj. and SeU 
Poiniiri^l PaviRK. TiW, &c. liyAuAM Hahho.u. With 6S Wuod 

The Art of Praatioal Brlok Cutting and Setting. 

ByADA.l Ha«ko.d. Wilhso-' ^-~ 

Brtokwork : 

A Pmclirnl Treoliit, embodyin, ._ , 

Ki'cklayinK, Cmimg and SeitinE ; wilh ihe Applialian ofGcoacliyua 

Bricks and Tiles, 

R.nUnienlary Irealiie or. the Mnnuficturo of; ronuiniiw ui . „ 

Principle! at Kricktiukinf. liy E. D.iutoH. M.lt.l.B:A. Additlval 
C. ToHtlKM^. F.R.R. llluitrued Sf 

The Practioal Brick and Tite Book. 

Campri-lne : Duilk akd TiuK Makikc, by E. Dodmn, U.lHSr.C 
Practicil Dkicklav^kc, by A. Hamuonu ; Bxiri. 
byA. Hahhho-d, sjoj^ wilha;o IlluBmliou., 

CanMntry and Joinery—- 

THB El-FUKNTAHV PbIBCI" » It Ca«« 

Stind-ird Work uf Tmumas TmttKDLD. l: 
„H J<.iKK«, by E. W, Ta.-. U. \. 5e. 

Oapp^ntry and Joinery^ Atlas 

or 31 PliiM la ••TcnnitMiy and Illusir 
DMCiiplive Leiicr|iitu. 410 
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A PraotioaJ TreatiaA on Handrallinf; 

ShDwIne Ncwiiu] Bimplc Mtlhixls. Uy Chd. Collikce. Secimd Edi 

Cironlar Work In Oarpuitry and Joinary. 

A Pnctinl Tmlke oa Circular Work of Sin|l< lod Doubla Cum 
Uy GlOIIQK COLLIKGS. Third EdiiiuD 

Roof Carpantry: 

Priglial Uuant in lh< 
CaipcDIeri. By Geo. 

Tha OonatruoUon of Roofa of Wood and Iron; 

Deduced (liiefly from ibi Worki of Rabiwo, Tredgold, ind Humbcr. By 
K. WvNniiAH Taih. M.A., AicMie-.I. ThN Edition . . .1/6 

The Joints Hade and Used by Rnlldan. 

By WniLi. J. Cmiiirv, Archiieci. Win. 160 Woodcuu . 3/0 

Shoring 

And in Appiiutinn : A Hiodbaok for die Uk of Sludenti. By Gioici 
H. Bi-AQHovi. With ]i llluiiniiani 1/6 

The Timber Importer'a, Timber Marohant'a, %ni 
Rutldar'e Standard Guide. 

By R, E, G.*sEV 2/0 

Plumbing : 

A Tul-Boolt 10 tlic Piaclicr d( iht Art w Cr»fl of th* PEnmbcr. Wilk 
Ch»p.»n upon Hoojt Drainage .nd Vcniil.li™. By Wh. P*to>i Bltchai.. 
Eighth Ediiion, Kc-wriucn and Kniavcd, with jao lUuiniioiu . 316 

yentllaUon : 

A Teat Book la Ibe Pracili:! of the An uT VcnliUting Buildinn. By W. P, 
B^CHAN. R.P., Author of " PlumUni/'ftc Wilh 170 Illuilruioni 3.'6 

The Practical Plaatarer; 

ACompfndiuniDrPliiin»ndOriiim»ntJiriii»rWot1l, ByW.KsMr 2^ 

House Palntitttf, Oraintntf. Harbllntf, * SItfn Writintf. 

WillL Ji Couru of F.]^m^i,lury T>ii-ing. and 1 Collection of UKful Rcccipu. 
By ELLts A. UAVIticuK. Seventh Edition. Coloured Plit« . , glQ 
*,* Til alat, m tlslk hmnll, llnnely huml, 6/0 

A Orammar of Golonring, 

Applied ID Decorali^e Psinluit atid ibc 'Vru. By Gbdbce Fiild. New 
Edition, enliiged, by Eli 1« A. Uavidsoh. Wilh Coloured Plilei . 3/0 

Elementary Deooratlon 

Aiappl,nli<.D»cllii.gH™«*,Stc ByjAKJsW.FACKY. Illuitrwed 210 

Praotioal House Deooratlon. 

A Guide to the An ci Otiisintnt»l Pujoling, the Ammgemeni or Coloum in 

ApunDiet.l9,undlhe Piincipletof Decnrulive Deiien. BvIamE-iW. Faciv. 

2/6 

*.■ Tit UtU nu Werk, in Omi li.i-Ju»u yel.. ialf-inmi. tnlHUd " Hdi>» 

DuCOIlATltJK, ELLEKtKTAHY AND PBACTICAL,">«-« 6/0 

Portland Cement for Users. 

By Hknkv Faija, AM.loiit.C.E. I hird Edition, Corrected. . 2/0 

Limas, Cements, Hortara, Concretes, Maatios, Plas- 
tering, &o. 

By C. R. Bu«H»i.L CE. Fideeotb EdUii 
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Masonry and Stone-Guttin]^. 

The Principles of Ma«ionic Projection and their application to Construction. 
By Edward Dobson, M.R.I.B.A 2/6 

JLrohas, Piers, Buttresses, fto.: 

Experimental Essays on the Principles of Construction. By W. Blanix 

1/6 

Quantities and Measurements, 

In Bricklayers', Masons*. Plasterers', Plumbers', Painters', Paperhangers*. 
Gilders', Smiths', Carpenters' and Joiners' Work. By A. C. Beaton 1 /6 

The Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 
HoRTON. Sixth Edition 4/0 

*,* The above ^ strongiy bound in leather^ price 6/0* 

Litf ht : 

An Introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Applied Sciences. By E. Wvnd> 
HAM Tarn, M. A., Author of " The Science of Building," &c . • 1 /6 

Hints to Young Architects. 

By George Wiuhtwick, Architect. Sixth Edition, revised and enlarged 
by G. HusKissoN Guillaume, Architect 3/6 

JLrohitecture— Orders : 

The Orders and their .Ivsthetic Principles. By W. H. Leeds. Illustrated. 

1/6 
Architecture — Styles : 

llie History and Description of the Styles of Architecture of Various 
Countries, from the Earliest to the Present Period. By T. Talbot Bury, 
F.R.I.B.A. Illustrated 2/0 

*,* Orders and Styles of Architecture, in On* Vol.^ 3/6. 

Architecture — Desig^ : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By Eow. 

Lacy Gakbett, Architect Illustrated 2^ 

•»• The three preceding WoHts in One h-tndsome VoL^ half bounds entitled 
"Modern Architecture," /ric* 6/0* 

Perspective for Beginners. 

Adapted to Young Students and Amateurs in Architecture, Painting, &c. 
By Gborgb Pvne 2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jewitt \ /© 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gessert and Emanuel Otto Frombbrg. With 
an Appendix on The Art of Enamelling 2/6 

Yitruvius— The Architecture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A.. 
F.R.A.S. With 23 Plates 5/0 

N.B. — This is the only Edition ^Vitruvius procu*able at a moderate price, 

Grecian Architecture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progre<M of the Art in Greece. By the Earl op Aberdeen \ /Q 

•»* The two preceding Works in One handsome Vol.^ half bounds entitled 
"Anciwit Akchitbctuiib," price Q/Q. 



WEAf.ES aCIENTIFir AND TECHNICAI, SERIES. ^H 

INDUSTRIAL AND USEFUL ARTS. 
CamentB, Pastes, Gluea, and Guma. 

A Pisclicsj Cuidi la llic Manufa^lurc anj Applicalion oT the vnnoui 
AeBl>>iii>*i"t Kquind foe Warkihop, l^bnninrT, qi Ottka L'li. Wiih 
upwBt^ of ooo RecipM and Formula. Uy H. C. Stajjdacb . , 2/0 

Clooka and Watohea, and B«Ua, 

A Budlmenlmry Treali« m. By SLr EdmUBD BsckeTT. Q.C. (Lord 
Grihthorpi). Scvemh Edition 4/6 

Tha Ooldamltb'a Handbook. 

ConuIiUng full Iniimrtiani in the An of AlloylrK, Ueliine* Ifedudiw, 
ColouriDB, Csllecling and RcHnbiK, Ri-mveiy of Wailc, SgldEn, Eiumeli, 
&c, Ac By CBuRcia E. Gen. Fifth EdUion 3/0 

The SilveFsmIth*a Handbook, 

On ihe lanii plan as the Coi-Dtuttii's H*Kt)BUOK. By GsosoK E. Car. 

■ITiird Edillon 3/0 

•■• T»i lul iTvi Virla, i« Onthindamt VA. lalf.honnd, 7/0- 

Tha HaU-Hapkintf of Jawelleir- 

ComprUing an acCQUnl of all the diSeretit Auay Tovni of the United 
Kingdom; wilb Ihe SDmpt uid Lnm relatiasID IhcSluidardsand MalJ- 
Mnrltn at ihe various Aiiay OfRces. By G»iBDk E. G«« . 3/0 

Franob Poliabin^ and Enamallinj. 

[■oliril^l Vani"ihc^ Gla«-Lacuuers.''Keyivn!!°&i:. Bv'r! BirMEAU.^ 
[/Krt /'•.Miiiid. 1/6 
Praotloal Ortfan BaUdin^. 

By W. L. DiCKSOH, U.A. Seqond Edilion, Revised, with Addition 2/6 

Coaoh-Baildln^: 

APractiolTreuiH. By James W. BuKCBS. With }? IlliulTmtians 2/6 

Tha Braaa Fonndar'a Hanual: 

Irutruaioiu for ModellinE. Falleni Making, Moulding. Tun<ing, &c By 
W. G>*..AH 2/6 

The Sheet-Hetal Worker's Gaide. 

A Praciicat Handbnol: for Tiotmithi, Ijippenmllht. Zincmirlieil, kc, wilh 
4SDiM™im. By W. J. E. CiiAKt ThinI Edition, re.i«d . .1/6 

Beiring Haohlnary: 

lis ConHraclion. History, Ac Wilh full Teelinical Diraeiioni for Adjml- 
iiiE.ftc. ByJ.W.UmjuiiART.CE 2/0 

Gas Fitting: 

A Praclical Handbook. By Johh Bi^ack. New Edition . . 2/6 

Oonatruotion of Door Looks. 

FromihcPineisorA.C. Hddhs. Edited by C. Tom UK wh, F.R.S, 2/6 

Tbe Model Looomotlva Bnglnaer, Flramaji, and 
Engine-Boy. 

Cxmjiri.iDe :ii> Ili'.tontil Nstii^e of Ihe Plooeei l.oconiDlive Engii,!^ and 
Ihe.. Inicni."-, By MicirABL RKVNgms 3.6 

Tha Art of Letter Painting made Easy. 

RyJ, 0. Bai.bkoch. With 1. full-page Engravinsi uI Eimnpla . 1/8 

The Art of Boot and Shoemaking. 

ment, LasL-SitinE. Cutting.oui.CIosingand Milling. By 

no. WiihuunieiDiullliuiiiitioni. Fuonh Edition 2/0 

iatry: 

» on ih( Conttiuction of the Varioui Kinds of Ani&^l 
Ufniures. By cliAat.Es HunTBH. Fourth Ediiiou . . . 3/0 

Wood Bntfravlng: 

APncticalandEasy InlrodaclionlolheAn. ByW. N. BloWH . 1/6 

Laundry Hanagemsnt. 
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MATHEMATICS, ARITHMETIC, ETC. 
D«scriptiT« 0«oiii«trj, 

An Klementar)* I'reaiise on : with x Theory of Shadows and of Penpectiw, 
extracted from the French of O. M'.i^:<;e. 1j which is added a I>cacripcioa 
of the Principles and Practice of l»ometr.caI Pr-ijection. By J. K. Hbatheic, 
M.A. With 14 Plates 2/0 

Practical Plane Geometry: 

i'Mvinie the Simple >t M'^de^ of Con^tmctiKg Figures contained in one Pbmc 
and (ieometri^^i C'on.it ruction uf the Ciround. By J. F. Heather, M.A. 
With 315 Wr>yJcut» 2/0 

Analytical Geometry and Conic Sections, 

A kudimeniary Treatise on. Ry Iamf.s Hann. A New Edition, re> 
written and cnUirged by Profe«*or J. R. YoLNG .... g/Q 

Euclid (The Elements of^. 

With many Addititmal PnipuMtion^ and Explanatory Notes; to which Ik 
prefixed an Intrcnlucto'-y K>say on Ijoj^. Ky Hbnkv I^w, C.E. . 2/6 

*,• SffM also se^iratelr, vix: — 
Bnclid. The First Three F{ook«w By Hen kv Law, C.E. . . .1/6 
Bnolid. Bookb 4, 5, 6, II, 12. By Hk.nky Law, CE. . . .1/6 

Plane Trigonometry, 

The Klemeiits of. By James Hann. \l^ 

Spherical Trigonometry, 

The Klemciit> of. By jamks Hank. Revised by Charles H. Dow- 

UN';, c K 1/0 

•,• Or with " Thf Klnucnii oj Plane Trigonometry," in One Volume ^ 2 '6 

Differential Calculus, 

Elements of the. By W. S. B. \Vot>LHOi'SB, F.R.A.S., &c. . .1/6 

Integral Calculus. 

By Hdmrksmam Cox, B.A. \l^ 

Algebra, 

'I'he Elements of. By J AMES Haddon, M.A. With Appendix, containing 
MiscvllaneouH InvesttKations, and a Collection of Problenu . . 2/0 

A Key and Companion to the Above. 

An exirnsi\x' Kc|H>situry of Solved Examples and Problems in Algebra. 
By J. R. YtiiFNO \t^ 

Commercial Book-keeping. 

With Cuniniercial Phrases and Forms in English, French, Italian, xuid 
(icrman. By jAMbs HAUt>ON, M.A | /Q 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its I'heoretical 
Prim iples, and nunieruus Examples for Practice. For the Use of Schools 
and for Sclf-Instrutnon. By J. R. Yovnc;, late Prufe.v»or ot Mathematics 
in Belfast Cullet;e. '1 hirteenth Edition ^ /Q 

A Key to the Above. 

ByJ.R. Young 1/© 

Equational Arithmetic, 

Applied to Questions df Iiite*est, Annuities, Life Assurance, and Genera] 
Commerce *, with various Tables by which all Calculations may be greatly 
faciliiatetl. By W. Hii>si.KY ) /3 

Arithmetic, 

Rudimeniarv, for the Use of JMrhnoU and Self-Instruction. By JamE'C 
Haoikin, M.A. Revised by Ahkamam Akman . • 1 /6 

A Key to the Above. 

Tly A* Akm \n ^ /B 
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K'|Ka.theinatloal InstFumenta ; 

'ITiiic ConnnictTiHi, Adjuiiniciit, Twins, inil U» caneuelv Eipluned. 
Br J. F. KunHii>, H.A.. oC ihi Royoi Miliury Acukonv, Wnslincti. 
FMrlHnlta Ediiion, Scvued, wiib AildiUoiK, liy A. T. Walm»lev, 
M.l.C.E. 0>iEiHL Cdliion, in I vol., Illua.rai'Kl .... 2/0 

Htimlti- n Ikt Srritr (39), Is dUliHtniik il /rem Ikr Enlitrgtd EditinH 1* 
3 w/i. Uujellnot)- 

KDnfHlntf and Haa«iirli>^ InatramantB. 

lnCiUjii>R^l, [n^nimvntA erjiploved in Gednierrical iind Mediuiual Draw- 

rUns. 11. InslrumviLLt uhed for ihc puqxHu of Aanirale Meuurtmcht. 
ind rot Arilhmrlicul ConputaliDPi. By /. F. Heathbii, M.A. . t/8 

lOptlool InBtrnmuita. 

pJ^VlM cffSa rf^ui Ld P.ani K'i'h«o^Si^'u''J'j- k!'?Uat"br^ 

MA. muHWcd 1/e 

r'BnFveyintf and AstFononUoal InatrumwitB. 

• Indudin^l, Innramfnts m«l fur D«»riniii[nE llir GMPmetriail Fealare. 

KcnlioBV By J. F. HaATHin, M.A. I]liiuni«l. .1/0 

\t aiarv Hnt milumajirrm ax rn/argrmml a/ «*i AhUih'i iirigimtl wrrt, 
" MAlMiamlioil lutlnmiHli,' fria 210- (^KTja*rfn* fi/tf'/nfr.) 

I HKthematloal InatnuiMnta: 

Their CoBSninifHi Adjiutmcnl, TeBing mid Uic Campdiinc Dnwini, 
Mcuuring, Oplical, Sunraying, and AiironnminJ IniTUOKnU. By I. F. 
Hi*TH», M.A. Enlarged Edilion. for th< nmu pan ntiniy roniten. 
The Thm Porti u *borc, in One Ihick Voluins. .... 4/0 

|.Tli« Slide Bal«, and How to Use It. 

C E, Wiih 1 SUdt Rufc, In la^-lc of cover. Seventh Edilion . . °2/6 

IiOgaFlthnia. 

Wiih Miihemitiuil Tablo f« TrigononHtrio), Atticnomicir, ind Nsuilc.l 
Calclll.lion^ By HeobvUw, L.E. Revised EdilLon . . . 3/0 

Compound Interest and Anituitiea (Thaary otj. 

Willi laUlei nf Logarillinin fcH Ihe mare Diffii:!!]! CaminiUlioai ef Inlerol, 
IliKDunl. Annuilio, &c., in all Iheir AppliculioDi and U«> lor Mercanlile 
and Stale Purpoiea. By Fedur Tiiduah, PiHi. Fogrlll Edition . 4/0 

' IfRthematiaal Tablaa, 

E refined a Trevite on LoeBF^Lhvu. By H. Law, CE. TDgefhtr wiih a 
erlesefTablcifbt Narigaiionand Nauiiul AunmoiDy. By I^feiuir J. 
R. VouKO. New Edi.ion 4/& 

Hathematloa, 

A» applied ID ihe CoiunnciiTt Arts. By FitAnai Caupih, C.E., Sic 
Third Edilion 3/0 

V Astronomy. 

By Ihe Tate Rev. RoasiT Main, P.R.S. Third Edilion, rcviied and cor. 
ncledlo Ihe PceMDl Tine. By W. T. Lvhk, F.R.A.S. . . . 2/0 

I'.Statios and Dynamlos, 

' 1'he Frinciplet and Practln of. Cmbraiiiig aln m clear developmeni oT 
Hydnslniici. Hydrudynaoiio, and CeMral F«m>. BtT. Baku, CK. 
rLHirlh Edition 1/S 
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